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This thesis was an integrated part the EUTROPIA project
1
, which aims at 
understanding processes and pressures governing the P-flux into the eutrophic lake 
Vansjø. The study was performed on data from Huggenes, a catchment with a stream that 
drains into Western Vansjø. This area is dominated by cultivated land (~ 85 %), of which 
the Huseby field was used as a case study site.  
Soil samples were collected from different horizons and depths down to 2 m, and 
analyzed for pH, LoI, TC, TN and P-pools. Several parameters including P-fractions are 
also analyzed on samples of soil water and drainage water from the field, as well as of 
stream samples from the Huggenes stream. The temporal and spatial variation in 
chemistry in soil and water samples is assessed in an attempt to better understand the 
hydro-biogeochemical processes governing the P-mobility. 
Total phosphorus concentrations in the studied agricultural soils were found to be 
high. The critical limit of Phosphorus Saturation Degree (PSD; 25 %) was exceeded in 
the Ap-horizon, and was close to the limit in the subsoil in which the drainage pipes are 
located. This indicates that the soil is susceptible for P-loss due to saturation. The water 
soluble phosphorus was, however, found to be low in the Ap-horizon, and below 
detection limit in the B and C- horizons.  
Drainage pipes were found to be an important flow path for the transport of P due 
to P- transport down through the soil profile through macropores. The flow-weighted 
mean concentration in the drainage water from the Huseby field was found to be 60 µg/L.  
Linear interpolation of total P- flux, based on runoff for three hydrological years 
(07/08, 08/09 and 09/10), was used to estimate the daily flux of total phosphorous (TP) 
from the Huggenes stream into Western Vansjø. More than ¾ of the TP flux occurred 
during the 36 days with highest runoff (above 90
th
 percentile).  
A larger P-flux in the year 07/08 may have been due to a warm winter with 
frequent and prolonged periods with temperatures above freezing, allowing for P-flux 
throughout the winter. For the other two years, which both had stable freezing conditions 
during winter, the peak of release was found to occur during snowmelt.  





The distribution between P-fractions in the drainage pipes during snowmelt was 
found to be 80 % particulate bound (PP), 15 % bound to organic matter (DOM-P) and 5 
% as free reactive phosphorous (RPF).  The bioavailability of PP and DOM-P needs to be 
studied further in order to assess their fate and impact on eutrophication.  
A Principal Component Analysis was performed, including the variables H
+
, 
conductivity, alkalinity, Absorbancy at 400nm, Calcium, Magnesium, Sodium, 
Potassium, Nitrate, Sulphate, Chloride, PP, TP, Reactive Phosphorus raw, RPF, DOM-P, 
Suspended solids (SS) and the explanatory variable runoff (mm). This PCA gave 
indications that TP and PP were strongly governed by runoff intensity, while RPF and 
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1.1 World water resources and main water pollutants 
Clean water is essential for survival, and when a society is short of water, this limits 
both the prosperity and the development. Water shortage is a growing problem due to 
population growth, increased consumption and climatic changes. Organic and inorganic 
chemical pollutants, such as nutrients and heavy metals, may impact the quality and 
safety of drinking water in industrial countries (Manahan 2005). The origin of these 
pollutants can be diffuse runoff from agricultural activity, or point sources from industry 
and domestic sewage. The different types of pollution can affect the biota of the water, 
and the level of pollutants may also exceed the biological and chemical standards set for 
water, which affects the use of the water as a resource for drinking water or for 
recreational activities.  
 
1.2 The EU Water Framework Directive 
The EU Water Framework Directive (WFD) has set the goal for all of EU’s surface 
waters and groundwaters to reach a “good” chemical and ecological condition before the 
year 2015 (Vannportalen 2011). The goal is that the ecological status of all groundwater, 
lakes, streams and coastal waters should only have small deviations from their natural 
conditions. “Natural conditions” are defined in terms of a theoretical reference point of 
pristine conditions, i.e., in the absence of anthropogenic influence (European 
Commission 2011). Based on several parameters, the ecological status of the water body 
can be determined (see Table 1, section 1.3). Another goal of the WFD is to predict 
effects of different climate change scenarios and different abatement actions. The WFD 
has been implemented in Norway by the Norwegian Authorities.  
 
1.3 Freshwater Eutrophication 
Lakes can be classified by their trophic state, which relates to the primary 
production in the lake (Dodson 2005). A lake with a low rate of primary production is 
termed oligotrophic, and a lake with a high rate of primary production is termed 
eutrophic. The mesotrophic state is in between these two states. The parameters most 
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commonly used to define the trophic state of a lake are chlorophyll a and total 
phosphorus. According to the Organization for Economic Co-operation and Development 
(OECD), a general characterization of a eutrophic lake is a total phosphorus 
concentration of 35-100 µg/L, and a chlorophyll a concentration of 8-25  µg/L (vanLoon 
and Duffy 2007). The Directorate group for implementation of the Water Framework 
Directive published a guidance in 2009 for a classification system that is customized to 
the type of lake and the natural conditions it is assumed to have possessed. This is based 
on a number of parameters such as lake depth, size, region, humus content, alkalinity, etc. 
(Direktoratgruppa Vannrammedirektivet 2009) (Table 1). 
 











(µg/l) 3,5 7 10,5 20 40 
Total P (µg/l) 7 13 19 35 65 
Total N (µg/l) 300 300 450 550 900 
Secchi depth 5 3 2 1 0,5 
 
Primary productivity in a lake is dependent on photosynthesis and respiration of 
plants and algae. As the algae die and decay, oxygen is consumed with anoxic conditions 
as a result. The effects of the eutrophication may be seen as a green colour of the water 
due to algae blooming, often accompanied by smelly odour (vanLoon and Duffy 2007). 
Eutrophication may also instigate blooming of cyanobacteria, also known as blue-green 
algae. Some cyanobacteria produce toxins, called cyanotoxins, which in large amounts, 
can be harmful to humans.  
Primary production is dependent on nutrients such as phosphorus and nitrogen, 
with phosphorus usually being the limiting agent in freshwater lakes. Cultural (human 
induced) eutrophication implies anthropogenic interferences which accelerate the rate of 
primary production (Brady and Weil 2004). The nutrient sources may be divided into 




1.4 Vansjø-Hobøl (Morsa) catchment  
Vansjø is a large lake (36 km
2
) situated near the city of Moss in the South-East of 
Norway. The lake is part of the Morsa catchment (Figure 1) that comprises 690 km
2
. 
Only about 15 % of the catchment area is agricultural land. This may not be a high 
proportion in a European context, but the catchment is one of the most cultivated areas in 
Norway. The remaining 85 % of the catchment area is mainly forest.  Climatic average 
precipitation, snow amounts, snow depths and annual normal runoff are given in Table 2. 
 
Table 2: Annual mean precipitation, runoff, snow amounts and snow depths. Climatic normal 1971-



















> 25 cm 
(days) 
1971-2000 6 – 8 750 -1000 
mm 
200 – 400 
mm 
50 – 100 mm 50 – 100 
days 
 
The lake is divided into two main basins, the larger Storefjorden, and, the smaller 
and shallower part, Western Vansjø (Vanemfjorden). The bedrock mainly consists of 
gneiss and granite. In the northern part of the catchment, dominated by forest, the soils 
are less suitable for agriculture. This is due to thin moraine soil layers on top of hard 
bedrock. Below the marine limit at about 214 m a.s.l., which was below the sea during 
the ending of the last ice age 10000 years ago (90 % of the catchment area), the soil is 
more fertile. This is due to marine clays with P-containing apatite (Skarbøvik et al. 2011). 
In the south-western part of the Morsa watershed the lake Vansjø is dammed by the large 
glacio-marine end moraine, called the Ra. Lake Vansjø is a natural low-land nutrient rich 
lake due to natural flux of P from the these marine deposits. The current eutrophic 
conditions, causing algae blooming, are however the results of anthropogenic inputs of 




Figure 1: The Vansjø-Hobøl (Morsa) Catchment with land use characteristics (Figure from The 





Vansjø is a lake with many users that have very different and conflicting interests. 
On the one side, 60 000 people is using this water body as a source of drinking water, and 
it is widely used for recreational activities such as bathing and fishing. On the other side, 
it is used both as a recipient of wastewater, and it receives runoff from farming. The 
release of nutrient rich water into the lake is in great conflict with the first mentioned 
interests, which are dependent on safe and clean water (Bjørndalen et al.  2007).  
The anthropogenic input of total phosphorus into Lake Vansjø from the entire 
catchment is estimated to account for 75 % of the total loading. Agriculture is the largest 
of the anthropogenic sources, constituting 76 % of the anthropogenic release (Solheim et 
al. 2001). The catchment area of Western Vansjø is 54 km
2
, and 20 % of the land is used 
for agricultural practice. Soil erosion and seepage from the nutrient rich marine deposits 
contribute to the total phosphorus load. Drainage pipes installed into the marine deposits 
may have enhanced the erosion and leaching of phosphorous from the marine clays.    
The western, smaller and shallower part of Lake Vansjø, Vanemfjorden, has had 
serious problems with blooms of toxic blue-green algae. The values of microcystis have 
at times been very high; e.g., in 2006, values of up to 7.5 µg/L were found. This is close 
to the limit of 10 µg/L where the World Health Organization (WHO) discourages people 
from bathing. The Norwegian Institute of Water Research (NIVA) has on occasion’s 
dissuaded people from bathing as these blue-green algae may float in big chunks on the 
lake surface, with possibly high toxin concentrations (Bjørndalen et. al 2007).  
The unhealthy condition of the lake has been a problem for decades, and has 
proven not to be easily fixed. For this reason, The Ministry of the Environment has 
chosen this watercourse as a pilot study area for the implementation of the Water 
Framework Directive. Due to the eutrophication problems, especially in western Vansjø, 
considerable resources have been spent in the Morsa-catchment on numerous efforts and 
abatement actions. The Western Vansjø area is the study site of the research reported in 
the current thesis. 
 
1.5 Abatement actions in Western Vansjø (Vanemfjorden)  
Eutrophication problems in Vansjø have been present since the 1950s, due to population 
growth and more intensive agriculture with use of mineral fertilizers (Hovedstyret for 
Morsa-prosjektet 2003). Many efforts have been made to reduce the problem of 
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phosphorus loading to the lake. In the end of the 1970s, a regional corporation, 
Samarbeidsutvalget for Vansjø-Hobølvassdraget, initiated efforts for sanitation of 
sewage. In the 1990s, there were several efforts to reduce the loading from agricultural 
land, together with further efforts for sanitation of the sewage. Despite these endeavours, 
no reduction in the amounts of algae was observed in the lake Vansjø. In 1999, the Morsa 
Project was started, after the initiative of seven of the municipalities in the catchment 
area. The aim was to implement efforts that would lead to enduring improvements in the 
conditions of the watershed (Hovedstyret for Morsa-prosjektet 2003).  
The Morsa project arranged a Nordic science workshop in 2004, where the 
recommendations included continuing efforts in accordance with the “Handlingsplan for 
Morsa”, but also to focus on gaining knowledge about the causes of the poor water 
quality in Western Vansjø (Vannområdeutvalget 2011). The workshop recommended 
focusing on two potential causes of the prevailing problem of eutrophication. Either, the 
nutrient transport from the local catchment area had been underestimated, or, there could 
be internal loading in the lake from nutrients leached out of the sediments. Investigation 
of the lake sediment showed that, compared to other nutrient rich lakes, the 
concentrations of phosphorus were low, indicating that internal loading was not an 
important factor (Andersen and Færøvig 2007). The conclusion from this was that the 
high concentrations of phosphorus come from other sources than internal loading from 
the sediments. The loading of phosphorus from the local catchment was found to be twice 
as high as had been assumed.  
After the documentation showing a higher release of phosphorus from the 
catchment area than originally believed, many of the farmers reduced their fertilizing. 
Between 2004 and 2007 there was a reduction in fertilizing of 8.6 tons of phosphorus, 
corresponding to approximately 47 % of the total (Øgaard and Bechmann 2010). 
A further reduction was accomplished through the “Mitigation Project for Western 
Vansjø” (Løkke 2007). In order to reduce the loading of P from agriculture, the farmers 
around Western Vansjø were requested to commit to an agreement with the Ministry of 
Agriculture and Food where they would, over a period of 3 years, be part of a mitigation 
project. In 2008, 29 of 40 (73 %) farmers around Western Vansjø had signed the 
contracts, and have thus officially joined the program. Through the agreement the farmers 
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receive economic compensation for reduced income caused by the abatement actions. 
Some of the abatement actions in the agreement are (Grønsten et al. 2008; Løkke 2007): 
 Reducing phosphorus fertilization. This means no P-fertilization for much of the 
area. When growing potatoes, where phosphorus is often required for good crops, 
less fertilization than the national norm is recommended (Øgaard and Bechmann 
2010).   
 Constructing wetlands. These constructed wetlands can consist of sedimentation 
ponds and vegetation ponds, which will retain particles and nutrients, preventing 
them from reaching the lake (Grønsten et al. 2008). 
 No ploughing of the field during the fall, except for when growing potatoes.  
 Planting of permanent grass buffer zones towards streams and open water to 
reduce the surface runoff.  
 
1.6 The current status of Vansjø 
There are some indications that the abatement efforts have reduced the flux of 
phosphorus into the lake. In 2010, Storefjorden was classified as having a moderate 
ecological status based on total phosphorus and chlorophyll-a (algal growth) 
(Vannportalen.no 2011), following the WFD classification guidelines (Table 1). 
Vanemfjorden was also classified as having a moderate ecological status based on total 
phosphorus, chlorophyll-a (algal growth) and total nitrogen (Vannområdeutvalget 2011). 
The average concentration of total phosphorus in Vanemfjorden, was in 2010 measured to 
be 27 µg/L P (Skarbøvik et al. 2011). This is the lowest value measured since 1989. 
Annual flux calculations of phosphorus, up-scaled and normalized with regard to runoff, 
for the year 2009/2010 showed the lowest amount of release (2.2 tons/year) from the 
catchment since 2004/2005.  
Even though there seems to be an amelioration of the water quality in the lake, this 
is not at the rate one would expect from the amount of abatement actions implemented. 
There may be several reasons for this. First of all, this may be due to the “delay effect” 
which is shown by several studies. For instance, Ulen et al. (2001) studied reduced 
fertilizing of 15 agriculture fields in Sweden, and found that despite reductions in P 
inputs leading to a negative P balance in most of the fields, the leaching of total P 
remained constant over a period of 21 years. Furthermore, it was found that just two of 
 8 
 
the fields contributed with more than half of the total phosphorus loading. This gives an 
indication about the importance of studies on soil properties and the identification of 
fields that are most vulnerable for loss of phosphorus.  
As will be discussed further in section 2.7, climate change may also be an 
important influence on flux of P to the lake. From 1988, the temperature in Eastern 
Norway has increased steadily. This is particularly evident for the winter temperature, 
with about 2 ºC increase from 1988 to 2008. Warmer winters allow for more frequent 
thaw episodes causing flash runoff of meltwater over frozen ground. The year 2010, 
however, was the coldest year in Eastern Norway since 1985 (met.no 2011). There is also 
a tendency towards more precipitation, especially in the summer. The summer 
precipitation in 2011 was almost twice the norm (met.no 2011) culminating in a new 
flood in September. More attention has now been allocated to episode studies. It has been 
shown that the flux of both total P and ortho-phosphate into the lake is much higher 
during periods of high runoff (Strömqvist et al. 2010). This is due to increased erosion 
from agricultural land, sub-lateral flow through upper soil horizons rich in P, as well as 
overland flow bypassing deeper soil horizons which normally adsorb the nutrient loading.  
 
1.7 EUTROPIA 
This master’s thesis is part of a larger project named EUTROPIA (Watershed 
EUTROphication management through system oriented process modelling of Pressures, 
Impacts and Abatement actions), initiated in 2009.  EUTROPIA is a research 
collaboration between several participants: NIVA, NINA, NIBR, UmB, BioForsk and the 
University of Oslo. At the University of Oslo, there are currently several master students 
and PhD-students looking at different sites and processes as part of this project focused 
around Vansjø. 
EUTROPIA is an interdisciplinary project, which links nature science with social 
science. The aim is to understand the mechanistic processes and pressures responsible for 
the P-flux into Lake Vansjø. This knowledge will be used to improve models to be able to 
predict effects of abatement actions and changes in the environment, such as temperature 
increase, increased precipitation, and reduced acid rain. Finally, barriers and thresholds 
for the implementation of appropriate abatement actions will be assessed. Hopefully 
 9 
 
EUTROPIA will aid the EU Water Framework Directive in the aim of gaining good water 
quality and to increase the quality of the predictions.  
 
1.8 The Huseby field (Huggenes catchment)    
In this master’s thesis, the previously heavily fertilized Huseby field was used as a 
study area. The site is located on Raet and drains into the nutrient rich Huggenes stream 
leading into Vanemfjorden. The field was studied in search for relationships between 
chemical and physical parameters measured in soil, drainage water and stream samples. 
The catchment draining into the Huggenes stream is 810 daa. It consists of 85 % 
agriculture, where the crops are mainly grain and some potatoes and vegetables (Borch 
and Bechmann 2007). This catchment is the largest of the monitored agricultural sub-
catchment around Western Vansjø. The area experiences high losses of phosphorus 
(Skarbøvik et al. 2011), thus being a hotspot for P-loading into Western Vansjø. Plant 
available P (P-AL), is on average very high in the catchment.  The average value has been 
found to be 17 mg/100 g, with a range between 6 – 37 mg /100 g (Borch and Bechmann 
2007).   
In 2004/2005 the mean total P-concentration in the Huggenes stream was 280 µg/L. 
With the environmental goal of 50 µg/L total P for the streams draining into Western 
Vansjø, the mean concentration needed to be reduced by 82 % (Borch and Bechmann 
2007) through abatement actions such as those discussed in section 1.5.   
The Huseby field is located on the main glacio-marine end moraine from the last 
ice age (Raet), and the soils are thus naturally nutrient rich. In addition to the natural P-
rich soil, there has been heavy P- fertilizing at least from the 1960s and until 2007 (Leiv 
Utne Pers.Comm.). This has lead to P accumulating in the soil. Plant available P (P-AL) 
was measured to be 23-28 mg/100 g in the Huseby field in 2003 (Kværnø and 
Engebretsen 2010). In the year 2007, P-fertilization was stopped due to the 
implementation of the “Mitigation Project for Western Vansjø” addressed in Section 1.5. 
The cultivation practice is potatoes one year, followed by two years of grain, and then the 
cycle is repeated again. Potatoes were grown in 2009 and grain was grown in the year of 
this study, 2010 (Leiv Utne pers. comm.). The field (Figure 2) is quite flat with a slope of 





Figure 2: The Huseby field (Photo: 06.05.10 by Rolf D. Vogt). 
 
Drainage pipes located 8 m apart throughout the field, buried at 1 m depth, are 
used to keep the groundwater table low in otherwise poorly drained soil. By faster 
removal of water, especially during snowmelt, it is possible for the farmers to drive into 
the field earlier in the spring to start production. The growth of plants will also be 
improved by lowering the water table (Tollan et al. 2002). The water led through 
drainage pipes are joined together in one outlet (Figure 3), where the water is released 




Figure 3: The outlet of the drainage pipes from the Huseby field into the Huggenes stream (Photo: 
06.05.10 by Rolf D. Vogt). The picture shows turbid water due to the presence of particles 
accompanying the runoff. 
 
Until recently, it has been a general presumption that P is lost from agricultural 
soil mainly through surface runoff, and that leaching of P through subsurface runoff is 
insignificant (Sims and Pierzynski, 2005). This was based on the assumption that the 
water percolating through 1 m of soil would lose its load of P due to the tendency of P to 
bind strongly to soils.  Recent research indicates, however, that subsurface runoff through 
drainage pipes might be an important pathway for leaching of P from agricultural land 
(Maguire and Sims, 2002, Haygarth and Turner 2000). The cause for this is conceived to 
be that the percolating water by-pass the soil through macropores and cracks. It is also 
hypothesized that the high P loading through drainage pipes may be due to erosion of the 
P rich marine clays in which the pipes are situated.      
As mentioned in section 1.6, certain agricultural fields may have properties that 
make them more susceptible for release of phosphorus. Enhanced understanding of these 
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properties, and the mechanisms governing phosphorus mobility, may enable more 
targeted abatement actions and better predictions of the outcome of these actions, as well 
as better predictions of the effects of climate change. 
 
1.9 Aim of study 
The aim of this study was to better understand the hydro-biogeochemical processes 
that govern the leaching of P fractions from agricultural land, through drainage pipes, and 
into the stream. In doing so, soil chemical characteristics (pH, LoI, tot-C, tot-N) and P-
pools of soil samples are analyzed. The monitoring of the water chemistry in the drainage 
pipes draining the field, is used to assess the role of subsurface runoff as a pathway for P 
leaching from the soil to the streams. Phosphorus fractions in both drainage and stream 
water are analyzed to gain knowledge of what fractions are released, including their 
seasonal and hydrological variation. A combination of soil data and data on the temporal 
variation in P fractions from drainage pipes and stream, along with the chemical 
characteristics of the water, provide clues to where the phosphorus may come from and 




2.1 Phosphorus in agricultural soil 
Agriculture is the greatest contributor to the eutrophication problem in Western 
Vansjø due to high P-levels in the nutrient rich soils where P has been added through 
heavy fertilizing for more than 50 years. Optimization of the amount of added 
phosphorus is needed in order to get the best crops possible with as little loss of P to the 
surrounding areas. Phosphorus planning is important also because phosphorus is a non- 
renewable resource that is currently being depleted at a high rate. 
 P is a vital part of adenosine triphosphate (ATP) which transports chemical energy 
in the cells (Brady and Weil 2004). P is also vital for deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA), which contain genetic instructions and direct synthesis of 
proteins, respectively. Phosphorus is also important in the form of phospholipids, 
essential in cellular membranes. The problem with P-fertilization is that the amount of 
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phosphorus added to agricultural soil through fertilizers often exceeds the amounts taken 
up by the crop, which lead to a combination of a build-up of P in the soil and the release 
of excessive amounts of the P to surface waters. Even though most of the P is readily 
bound to soil particles or compounds, some inorganic phosphate will generally be able to 
leach out of the soil.  
Figure 4 shows the global phosphorus cycle. Phosphorus is generally found bound 
to oxygen as ortho-phosphate (PO4
3-
). The valence state is almost always +5, and it is 
generally not affected by changing red-ox conditions. Gaseous removal of phosphorus 
practically does not occur, because the phosphine gas PH3 is only produced under 
extremely anoxic conditions. In the atmosphere P can be found associated with dust 
particles (vanLoon and Duffy 2007).  
 
 
Figure 4: The phosphorus cycle (Schlesinger 1997) 
 
Figure 5 shows the phosphorus pools in soil, together with the different reactions 
that phosphate can undergo between the different pools. Uptake by crops is the dominant 
pathway for phosphorus removal in agricultural soils (Brady and Weil 2004). In the 
absence of anthropogenic inputs, the P originates from weathering of primary minerals, 
mainly apatite. Apatite is a P-containing mineral with the general formula   








(Pierzynski et al. 2005). As mentioned in 
section 1.8, the Huseby site is located on an end moraine, below the marine limit, and the 




Figure 5: Phosphorus pools, reactions and pathways in soil (Based on Figure 3-1 Pierzynski  et al. 
2005). 
 
Inorganic P is mainly associated with iron, aluminium and calcium (further 
explained in section 2.3). The equilibrium between phosphorus found in soils and soluble 
phosphorus tends strongly towards the phosphorus bound in the soil, i.e. much less than 1 
% of the total phosphorus will normally be found dissolved in the soil solution (Krogstad 
and Løvstad 1987). 
Organic bound phosphorus in the plough layer of agricultural soil (Ap) often 
makes up between 20-50 % of the total phosphorus depending on the amount of organic 
matter in the soil (Krogstad and Løvstad 1987). Phosphate esters of Inositol [C6H6(OH)6] 
are the most abundant organic phosphorus compounds in soils (Brady and Weil 2004). 
Their abundance may be explained by their tendency to interact with acid humic 
compounds, which lead to high stability in acid-neutral soils. Other important P 
containing organic compounds are nucleic acids and phospholipids. Organic phosphorus 
is not easy to study and map due to difficulties extracting the organic components without 
chemically altering them, so there is a lack of knowledge about this fraction of 




2.2 Soil- soil water interaction 
Phosphorus sorption in soil refers to retention of the inorganic phosphorus in soils. 
Sorption is an important process that determines the mobility and transport of phosphorus 
in soils and water. The sorption of phosphorus includes specific chemical adsorption, 
physical anion exchange, fixation and precipitation reactions (Reddy and Delaune 2007). 
Sorption is regulated by physiochemical properties such as amount of phosphorus already 
in the soil, amount of Ca, Fe, Al, organic matter, pH and red-ox potential (Reddy and 
Delaune 2007). Phosphorus can become adsorbed or desorbed to a solid phase, such as a 
soil particle (Manahan 2005).  
The balance between adsorption and desorption governs the equilibrium with the 
phosphate in the soil pore-water (Reddy and Delaune 2008). If phosphate is added to the 
soil, sorption will increase to gain equilibrium between the solid and liquid phase.  
Phosphorus can react with oxides and hydroxides of iron, aluminium and calcium. These 
hydrous oxides often compose coatings on soil particles or are precipitated as interlayers 
in silicate clays (Brady and Weil 2004). Adsorption on edges or on iron oxide coatings of 
inorganic clays such as kaolinite Al2Si2O5(OH)4 is also common (vanLoon and Duffy 
2007). The phosphorus can further be condensed by the soil particle minerals where it is 
sorbed and become less available through the process called aging (Manahan 2005).  
Organic phosphorus can be converted into inorganic form through the process of 
mineralization, where the organic material is broken down and phosphate is released. 
Through the mineralization process, the organic phosphorus is first converted to soluble 
phosphorus. Plants can assimilate phosphorus as orthophosphate, and some soluble 
organic phosphorus compounds through absorption and diffusion (Brady and Weil 2004). 
When plants take up phosphorus, organic phosphorus is formed. Plants are responsible 
for rapid P cycling through mineralization-immobilization in the surface horizon of the 
soil. 
Ion-exchange in soils takes place between the soil solution and the diffuse double 
layer on the surface of organic matter, clays and minerals (Reddy and Delaune 2007). 
The charge can be permanent, e.g., by exchange of cations in clay minerals, or pH 




groups on solid phases that gain protons under acidic conditions, 
and render a positive charge. Anion-exchange (equation 1) is attraction to positive charge 
on the surface coating of oxide mineral surfaces and positively charged organic matter, 
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      (1) 
 
Phosphate may be mobilized or demobilized through dissolution-precipitation reactions 







 (aq) + 2 H2O ↔ 2 H
+
 + Al(OH)2H2PO4 (s)    (2) 
 
2.3 The effects of pH on phosphorus in soil and water 
The pH of water affects the speciation of P and its bioavailability. Orthophosphate 






. The distribution of the orthophosphate-
species and their pH- dependency is shown in Figure 6. The x-axis in the figure gives the 
pH, and the y-axis shows the distribution of ortho-phosphate species. In normal soil, 
















Figure 6: The speciation of orthophosphate with pH (vanLoon and Duffy 2007).  
 
Inorganic phosphorus in soils can be divided into two main groups: phosphate 
bound to iron and aluminium, and phosphorus bound to calcium (Brady and Weil 2004 
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and McDowell et al. 2001). Different phosphate compounds made up of these cations can 
coexist over a large pH-range (McDowell et al. 2001), meaning that phosphorus can be 
found bound to all these different cations in soil. Common iron-containing P-compounds 
are strengite, FePO4∙2H2O and viviante Fe3(PO4)2 (Brady and Weil 2004). A common 
aluminium-containing compound of phosphorus is variscite, AlPO4∙2H2O and amorphous 
variscite, Al(OH)2H2PO4 (Brady and Weil 2004). The cations often precipitate out as 
oxides, hydroxides or sesquiooxides and co-precipitate phosphate. Soluble mono-calcium 
phosphate can be added as superphosphate through fertilizers. A rapid reaction with 
calcium carbonate in the soil can form compounds of decreasing solubility and 
availability to plants (Equation 3, Brady and Weil 2004). 
 
Ca(H2PO4)2∙H2O + 2 H2O  
CaCO3     
2(CaHPO4∙2 H2O) + CO2 
CaCO3   
Ca3(PO4)2 +
 
CO2 + 5 H2O
   
(3) 
 
2.4 Red-ox effects on phosphorus  
When a soil is flooded with water, which often happens during episodes of precipitation 
or snowmelt, the mineralization of organic material consumes electron acceptors (e.g. 
oxygen), which lowers the red-ox potential (vanLoon and Duffy 2007). This is because in 
stagnant water the O2 is not replenished. The red-ox potential (Eh) is an important factor 
influencing the mobility of phosphate in soil and water through its control on the red-ox 
sensitive element iron (Fe(III)/Fe(II), E
0
=0.77V). It is assumed that phosphate retention 
often decreases with decreasing red-ox potential. Fe forms quite stable compounds with 
phosphate when Fe is in the ferric form (FeIII) (FePO4 has a Ksp value of 4∙10
-27
 
(Aylward and Findlay 2008). Although phosphorus can also form quite insoluble 
compounds with ferrous iron, Fe(II), e.g. vivianite (Fe3(PO4)2) (Ksp = 1∙10
-36
; Aylward 




 will generally lead to phosphate 
being released (Holtan et al. 1988). This can be due to that ferric hydroxide- phosphate 
complexes are reduced, allowing phosphate to be mobilized into solution. Sulphide (S
2-
) 
may further inhibit binding of phosphate with Fe, by precipitating with Fe
2+
 to form FeS 
(s). E.g. a study by Rozan et al. showed that Fe-S-P concentrations in the sediment, pore 
water and overlying water were controlled by red-ox conditions. Under reducing 
conditions, the concentration of soluble P (as PO4
3-
) increased in the overlying water, 
while the amorphous Fe(III) and Fe(III)oxyhydroxide pools decreased. At the same time, 
 18 
 
it was found that FeS and FeS2 increased. The increase of soluble P was only found when 
FeS and FeS2 production was found to occur (Rozan et al. 2002). 
 
2.5 Soil properties in relation to P-mobility 
There are several conceptual links between soil properties and fixation of 
phosphorus. A division of the inorganic soil into different fractions characterized by their  
particle-size distribution, is common. Division by particle size, gives clay (< 2 µm), silt 
(2 µm - 20 µm) and sand (20 µm - 200 µm) (vanLoon and Duffy 2005).  Quartz (SiO2) is 
the dominant mineral for both sand and silt (Brady and Weil 2004), while clay minerals 
are a type of colloid which consists of aluminosilicate minerals (vanLoon and Duffy 
2005). The proportion of sand, silt and clay in a soil affects the sorption capacity of the 
soil. If the soil consists of a large amount of clay, the soil will most likely have a larger 
sorption capacity than a sandy soil due to larger surface area (Brady and Weil 2004). 
Even if clays are negatively charged, they can possess a coating of oxides such as iron 
and aluminium oxides, generating a positive charge. Iron and aluminium can be 
protonated and positively charged. The point of zero charge is when surface positive and 
negative charges are equal (vanLoon and Duffy 2007). Several Al and Fe-oxides have a 
netto positive charge at the pH found in soil (Appelo and Postma 2007) (Table 3). 
 
Table 3: Point of zero charge of clays and common soil oxides and hydroxides 
(Appelo and Postma 2007). 
 
 
The solid soil organic matter also affects the P-mobility by increasing the capacity 





Kaolinite 4.6 - 
Smektite 2.5 - 
Gibbsite (-Al(OH)3) 5.0 - 
-Al2O3 9.1 + 
-AlOOH 8.2 + 
Geotitt  (-FeOOH) 7.8 + 
Calcite 9.5 + 
Feldspar 2.2 - 




1988). In water, however, the dissolved natural organic matter (DNOM) may compete 
with PO4
3-
 (aq) for cationic adsorption sites on the soil.  
 
2.6 Mobilization and transport of phosphorus 
From an environmental perspective, the flux of P from the terrestrial to the aquatic 
environment through surface runoff and subsurface runoff are important. Erosion is the 
transport of soil in the environment and leads to the deposition of these materials 
elsewhere. Erosion depends on variables such as precipitation, overland flow, farming 
practice, soil texture and topography (Brady and Weil, 2004).  
Figure 7 gives an illustration of different flow-paths the water can take from the 
soil to the field. Water moves inside the soil through matrix flow, cracks and pores. 
Heavy precipitation can lead to soil from the upper layers being flushed down through 
preferential flow-paths. The high intensity precipitation may also flush down soil water 
rich in P from the surface horizons, through macropores into the drainage pipes, and 
directly to the stream (Simard et al. 2000). Most of the water flows through macropores 
(radius >0.05 mm). Biopores from roots or worms (typically > 1mm radius) have a 
substantial influence on the total flow. This is because the rate of the flow is proportional 
to the fourth power of the radius. This means that 10 000 pores with a radius of 0.1 mm 
are needed to match the flow through a single pore of 1 mm radius (Brady and Weil 
2004). In addition to macropore flow, preferential flow paths can also be through cracks 





Figure 7: Illustrating different pathways of runoff from soil to water. 
 
The concentrations of total phosphorus in the runoff vary seasonally, and so does 
the proportion of particulate phosphorus of the total phosphorus. Preferential flow is 
especially important during heavy precipitation following a dry period. There are 
indications that particulate phosphorus is the main fraction of total phosphorus in these 
episodes (Simard et al. 2000).  
 
2.7 Climatic changes affecting nutrient mobility 
There are two climatic factors counteracting the improvement of the lake 
conditions despite considerable abatement actions. The first climatic factor is the fact that 
the amount of precipitation in Eastern Norway over the last 30 years has shown an 
increase (Figure 8). Total phosphorus is found to increase with runoff (e.g. Skarbøvik 
2011). The increased precipitation can lead to more frequent episodes with high intensity 




Figure 8: Precipitation for Eastern Norway 1900-2011 (Met.no 2011).  
  
The other climatic factor that might counteract abatement actions is the general 
temperature increase (Figure 9). Especially the winter temperature has been high during 
the years 1989 and 2009. With higher temperatures it is expected that Eastern Norway 
will experience more flooding, especially in the autumn and winter when precipitation is 
highest. More heavy precipitation also in the form of rain during winter, due to higher 
temperatures, will increase erosion. This may bring large amounts of particle bound 




Figure 9: The temperature increase in Eastern Norway from 1900-2010 (met.no 2011) 
 
When snow melts during the winter, the phosphorus that gets into solution may be 
transported straight into the streams and lakes due to a lack of plant uptake. Furthermore, 
the risk of surface erosion is highest during the winter due to frozen soil or due to the soil 
being saturated with water (Bechmann et al. 2003). In addition, freeze-thaw episodes 
seem to lead to more P being released from plant remains in the soil. Bechmann et al. 
(2005) performed a study on three different soils, one was bare soil, the second was 
mixed with dairy manure, and the third was covered with catch. Catch is a type of crop 
often used in Scandinavia to incorporate soil nutrients, lowering N- leakage, and decrease 
potential for soil erosion. Before freezing, the release of phosphorus was higher in a bare 
soil and a manured soil. After repeatedly freezing and thawing of the three different types 
of soils, the soil containing the catch crop had the highest release of soluble phosphorus, 
indicating that the release of soluble phosphorus released during freeze-thaw episodes 
may originate from plant tissue, and not the soil. 
 
2.8 Analysis of pools of P in the soil 
The total phosphorus of the soil does not in itself give information about the risk of 
phosphorus-loss from the field. As is mentioned above, the amounts of P bound to cations 
such as Fe, Al, Ca (and Mg, Mn, etc.) affect the mobility of P. Methods developed for 
extracting different P-pools can give more information about the risk of P-loss from the 
soil. Soil analyses provide a measure of the environmental conditions in soils, which, 
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when assessed along with the soil water chemistry may lead to more knowledge about 
what type of processes are governing the mobilization and transport of different P 
fractions from the soil.  
Several operationally defined soil analysis methods determine pools of P that are 
bound to different constituents in the soil: 
 Water soluble phosphorus is phosphorous released from the soil is extracted with 
deionised water or a CaCl2- solution. This pool of P is considered to represent the 
amount of P that is free in solution at the time of soil sampling.  
 Plant available phosphorus (P-AL) is determined by extracting the soil with an 
ammonium-acetate lactate (AL) solution (Krogstad 1992). This is a P-pool that is 
considered to represent the amount of phosphorus that is available for plants to 
take up over a growth season. It was originally a method developed for farmers to 
assess how much fertilizer they need to add for optimum plant growth, and is used 
for fertilizer planning today. The principle is that NH4
+
 exchanges the cations on 
the soil and the lactate complex binds Fe and Al, leading to a further desorption of 
cations from the soil particles. At the same time, the exchangeable phosphate-ions 
will be solubilised (Krogstad 1992). When measuring P in subsoil, apatite in the 
subsoil might release P in the P-AL extraction (Krogstad and Øgaard 2008).   
 Extraction of the soil with an acid-oxalate solution will release the P that is 
mainly bound to amorphous and poorly crystalline iron and aluminium 
compounds in the soil (Reddy and Delaune 2008). The oxalate ion (C2O4
2-
) is 
produced in the environment as a fungi metabolite. The mycorrhizae fungus 
exudates oxalate which speeds up the weathering process releasing more nutrients 
to the plant. Equation 4 (Manahan 2004) shows the natural process which 





 + M(OH)3(s) + 2 CaC2O4(s) → M(C2O4)2
-
(aq) + 2 Ca
2+
(aq) + 3 H2O  (4) 
  
The Phosphorus Saturation Degree (PSD %) relates to how much P the soil is 
capable of sorbing, and in acid soils, this is determined by the amount of P, Fe and Al 
released into solution through extraction with acid-oxalate solution. Based on studies of 
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non-calcareous sandy soils in the Netherlands, a critical limit for PSD is found to be 25 % 
(Pautler and Sims 2000). Above this limit the phosphorus will likely be less retained by 
the soil, allowing for elevated phosphorus concentrations in solution. Furthermore, 
particles that are eroded will contain more phosphorus that can potentially be desorbed 
from the particles. The degree of phosphorus saturation (PSD) may be calculated using 
equation 5 (E.g. Pierzynski 2000: Bøen 2010).  
 
        
      
                   
                (5) 
 
The numerator in equation 5 represents the adsorbed P, and the denominator represents 
the P sorption capacity (Pierzynski 2000). The coefficient α has been empirically found 
to be approximately 0.5 ± 0.1 and it has been simplified to 0.5 (Maguire et al. 2001). 
Soil that have low capacity for phosphorus sorption also pose an increased risk of 
phosphorus leaching, such as sandy soils that are highly fertilized and soils exposed to 
low red-ox conditions (McDowell et al. 2000). Phosphorus levels in the soil can then 

















3 Site description, sampling and analytical methods 
 
3.1 Site description 
The sampling area is located on an end- moraine, which was deposited during the 
retreat of the ice at the last ice age 10000 years ago (Skarbøvik and Bechmann 2010). 
The catchment is nutrient rich because 90 % of the catchment was deposited below the 
marine limit. The land rose as the ice melted after the last ice age, after having been 
below the sea during the quaternary period. This results in soils rich in marine clay and 
silt, with plenty of P-containing apatites (Skarbøvik et al. 2011). Figure 10 shows the 
Western Vansjø catchment area, with the Huggenes site indicated in red.  
 





The site where the soil samples were collected runs into the Huggenes stream, 
leading into Western Vansjø, which is the shallower lake, with the largest problems of 
eutrophication. The site of soil and drainage water sampling is called the Huseby field. 
This is an agricultural field of 30.8 daa considered to be heavily fertilized based on 
previous measured values of plant available phosphorus of 23-28 mg/100 g in 2003 
(Kværnø and Engebretsen 2010) (Figure 11). The red pentagons indicate the samples 
measured for plant available phosphorus (P-AL) in mg/100g). Figure 11 shows the site, 
where soil and lysimeter samples were collected from two different locations. One of the 
locations for soil and lysimeter sampling was from Stagnosol soil (H1), which is located 
near the stream (UTM coordinates: X = 599938.6288, Y = 6585432.60773). The other 
location from Cambisol soil (H2), is located halfway up to the road (UTM coordinates: X 
= 599942.0433, Y = 6585360.90187). The lines in Figure 11 represent drainage pipes. To 
the right is illustrated where the drainage pipes meet, into a larger pipe that releases the 
water into the stream. There is an auto-sampler located at the outlet of the pipes, 




Figure 11: The Huggenes drainage monitoring site. The black triangles represent the two locations 
where soil samples were gathered. The parallel lines going through the field illustrate the drainage 
pipes, located 8 m apart. They join into a larger pipe, which leads to the green circle representing the 
drainage outlet. The red pentagons represent sampling sites for analysis of easily soluble phosphorus 
(values given in mg/100g) mapped by Bioforsk, ranging from 23 – 28 mg/100 g (Figure by Alexander 
Engebretsen). 
 
Agriculture makes up approximately 85 % of the catchment area, 9 % is forest 
and 6 % is others, such as roads and houses (Skarbøvik et al. 2011). Borch and 
Bechmann (2007) reported that in 2006, approximately 77 % of the crops grown were 
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grain, and the rest was mainly potatoes and root vegetables. The distribution between 
crops will vary from year to year, as farmers grow different types of crops. 
The farmer managing this particular field has signed the contract of the effort 
project (tiltaksprosjekt) mentioned in the introduction (section 1.5), which entails among 
other efforts, that no P-fertilization has been conducted since 2007 in the Huseby field. 
Except for when growing potatoes, there has been no ploughing in the fall. The field 
contains a buffer-zone of crop remains on the edge towards the stream, to reduce surface 
runoff to the stream, by adsorbing nutrients and filtrating surface flow. More information 
about the agricultural practice in the field can be found in appendix A. 
 
3.2 The soil profiles with horizons 
The two soil types encountered in the Huseby field, are, as already mentioned, 
Cambisol and Stagnosol. The Cambisol (Figure 12) soil is characterized as self-drained 
and not containing large amounts of clay, and is generally well suited for growing crops 
(Nyborg et. al 2008).  
The Stagnosol (Figure 13), located down- slope of the Cambisol, closer to the 
stream, is characterized by poorly developed soil structure with high amounts of silt and 
clay. This leads to frequent flooding of the soil, causing stagnant conditions. It is often 
rich in nutrients and well suited for agriculture when artificially drained, as is the case 
here.  
Soils are classified vertically into different genetic horizons (A, B and C) from the 
soil surface and down to the bedrock. These horizons have naturally different colour 
and/or texture mainly due to weathering processes (Manahan 2005). The soil 
classification was performed in situ by Tore Sveistrup from the Norwegian Forest and 
Landscape institute.  
The Cambisol plot (H2), containing an Ap, BCg and C- horizon, was located 
approximately half way up the slope, towards the road. The soil texture in the Ap-horizon 
was termed mould-containing sandy silt to loam. The studied Cambisol differs from the 
Stagnosol by a lack of a clean B horizon. The Cambisol goes straight from Ap to BCg1 
and 2 where the numbers indicate different diffusely shifting colours or structures within 





Figure 12: Plot H2 Cambisol soil. The Ap-horizon is very dark brown due to organic matter in the 
horizon. The sharp border leads to the BC horizon which is yellowish red underlaid by an olive grey 
C horizon (Photo: 06.05.10 by Rolf D. Vogt). 
 
 The Stagnosol soil plot (H1) (Figure 13) is situated in the bottom of the slope, 
adjacent to the stream (Figure 11). Based on appearance and sequence of the soil layers, 
this soil profile was divided into the genetic soil horizons Ap, BCg and C, where the soil 
texture in the Ap-horizon is characterized as silty clay to clay loam. The A-horizon is 
divided into three sub-layers based on different combinations of diffusely changing 
colours and structures within the horizon (Brady and Weil 2004). The soil layer is dark 
coloured, which is characteristic for the A horizon due to humic soil organic matter (< 17 
%) in this horizon (Greve et al. 1999). The top horizon is designated an Ap- horizon 
where the p indicates the influence of agricultural ploughing in the horizon. Below the 
Ap horizon there is an abrupt border to a B-layer, where B designates the layer where 
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materials accumulate from eluviation (washing down) from higher horizons. In the 
Stagnosol this is a Bg-horizon where the g indicates gleying, which comes from periodic 
reduced conditions because of prolonged stagnant water saturation and may result in 
mottling due to reduction of iron (spots of different colours within the area of the 
dominant colour (Brady and Weil 2004). Above the C horizon, which is an unstratified 
layer with little biological activity, at 70 cm depth, there is a BCg horizon, which is a 
layer exhibiting properties from both the B and C horizon.  
 
 
Figure 13: Plot H1 Stagnsol soil .The Ap-horizon is very dark brown. The Bg-horizon is yellowish 
brown and dark greyish brown. The BCg-horizon is greyish brown and gray. The C horizon is dark 
grayish brown. The tubes showing in the picture are connecting the lysimeters to the sampling bottles 




Pictures of thin cuts of the soil (Figures 14,15, 16 and 17) show that both the 
Cambisol and Stagnosol soil in the Huggenes field are characterized by macropores and a 
few cracks. Reducing conditions are indicated in our soil samples by mottling. At H2 33-
37 cm, there are not so many pores. There are a couple (radius 0.5 mm), and a crack 
going horizontally through the soil cut. There are black spots indicating mottling in the 
horizon. At H2 40-45, the pores are larger and more frequent. Several of the pores have a 
radius of 1-1.5 mm and the distance between them is 1-2 cm. The macropore (probably 
biopore from worm) at 80-84 cm has a 4 mm radius, which can contribute to a large 
transport of water. There are also some smaller pores and cracks at this depth that may 




Figure 14: Cambisol at 33-37 cm depth 
 





Figure 16: Cambisol at 80-84 cm depth 
 
 
Figure 17 Stagnosol at 38 – 42 cm depth 
 
3.3 Erosion risk in the Huggenes catchment 
Figure 18 shows the erosion risk in the Huggenes catchment. Most of the 
catchment is characterized as having a low erosion risk (1). The Huseby field is located in 












3.4.1 Soil sampling and sample preparation 
On the 06.05.10, 21 soil samples were collected by Tore Sveistrup (the 
Norwegian Forest and Landscape institute), Professor Rolf D. Vogt (University of Oslo) 
and PhD research fellow Alexander Engebretsen (University of Oslo). A soil pit was dug 
down to 1 m depth. Samples were collected from different depths and horizons down to 
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the depth of 2 meters from the two soil profiles (H1 and H2) in the Huggenes agricultural 
field. The soil samples with depth and horizons are listed in Table A-1 in appendix B. 
Collected soil samples were air dried at room temperature followed by gentle 
crushing and sieving through a 2 mm sieve. The method of quartering was used when 
samples were taken out for analysis. In this way each particle has a more equal chance of 
being sub-sampled. The samples were poured onto sheets of paper, divided into four 
equal parts, two of the four samples are kept (diagonally at each other), mixed and the 
procedure is repeated until the sample is sufficiently small (Tan 1996). The undisturbed 
soil samples in Figures 13-16 were taken out as soil cuts with kubiena boxes. 
 
3.4.2 Water sampling and sample preparation 
 
3.4.2.1 Drainage water sampling 
The water from the drainage pipes located one meter underground in the studied 
Huseby field (Figure 19) lead to an outlet to the Huggenes stream (Figure 10). An ISCO 
auto-sampler was used to collect samples of the water approximately every day or every 
second day, with some exceptions, and also more heavily during episodes of heavy 
precipitation. The dataset of the ongoing project EUTROPIA is not complete, so the 





Figure 19: Auto sampler located on the Huseby field (Photo taken 06.05.10 by Rolf D. Vogt). 
 
3.4.2.2 Stream water sampling 
There are two datasets available for stream water. One is from the Environmental 
Chemistry group, and the other dataset is from the Morsa project. The latter is a co- 
operation between municipalities, regional authorities and user interests, aiming at 
improving the water quality within the Vansjø-Hobøl catchment. The stream sample 
analyses for the Morsa project are provided by Bioforsk (2011a). The samples are used 
for surveillence of the input of nutrients. In this thesis, these data will be referred to as the 
Bioforsk-data. The data from the Environmental Chemistry group will be referred to as 
EUTROPIA-data. 
Stream grab samples were collected manually into polyethylene bottles. These 
were collected approximately every 14
th
 day, and also during episodes of heavy 
precipitation. The stream samples collected for the Morsa- project are collected on the 




3.4.2.3 Soil water sampling 
Lysimeters were installed in the different horizons in the soil for collection of soil 
water. The lysimeter is composed of a ceramic porous cup (CeramTec AG), which 
collects soil water by applying vacuum. This ceramic cup is coupled to sampling bottles 
on the soil surface with tubes. The first 500 ml were discarded. 
 
3.4.2.4 Sample storage 
Prior to analysis, the water samples were stored dark at ~4
o
C in a cooling room. 
 
3.5 Soil Analysis 
 
3.5.1 Determination of pHH2O 
Soil pH was measured according to ISO 10390 using a 1:5 relationship between 
soil and water (10 mL soil: 50 mL distilled water) Details and results including quality 
check of samples (analysis by external laboratory) in appendix C. 
 
3.5.2 Determination of dry matter content and loss on ignition  
The dry matter of the air dried sample was found gravimetrically by determining 
the weight ratio loss by drying the air dried sample at 105
o
C, and the organic matter 
content was found by loss on ignition by burning the sample at 550
o
C (Krogstad 1992). 
Details and results including quality check (analysis by external laboratory) of samples 
can be found in appendix C.  
 
3.5.3 Determination of total C and total N 
 Ten soil samples were selected to represent each horizon in both soil locations 
in the site, and to check for variations inside one horizon (Ap). The samples were 
analyzed by the Department of Plant and Environmental Sciences, IPM, at the Norwegian 
University of Life Sciences (UMB). The total carbon was determined using a “dry 
combustion” method based on Allison, described by Nelson and Sommers (1982), on a 
Leco CHN 1000 instrument. Determination of total nitrogen (Bremner and Mulvaney 
1982) content was conducted using the Dumas method on the Leco CHN 1000 




3.5.4 Phosphorus analysis in soil extracts 
The content of phosphorus in the soil extracts were determined 
spectrophotometrically based on the molybdate blue method (NS 4724). The principle for 
this method is that ortho-phosphate reacts with molybdate and antimon (III) to form an 
antimono-12-molybdophosphoric acid. This yellow complex is reduced by ascorbic acid 
and the “molybdenum blue” (blue-coloured heteropolycomplex) is formed. The 
absorbance by the molybdenum blue was measured spectrophotometrically using a Cary 
300 spectrophotometer in the Analytical lab at the University of Oslo, and is proportional 
to the phosphate concentration in the soil extracts. A standard solution (1000 mg/L 
K2HPO4) was used to make calibration solutions. As the P in the standard solution was 
given as phosphate, the results needed to be converted to P by correcting between PO4
3-
 
and P. This was done by multiplying obtained results by the molecular weight of P, 
divided by the molecular weight of PO4
3-
. All results for phosphorus in this thesis are 
given in P. 
Some of the soil extracts were also analyzed by Inductively Coupled Plasma Optic 
Emission Spectroscopy (ICP-OES) based on ISO 22036. The standards, samples and the 
calibration check were all added and contained 2.95 % HNO3 (from 65 % w/v HNO3) and 
1 % Cs from CsCl (s). The Cesium functions as an ionization buffer to avoid interference 
by easily ionized alkali elements in the plasma (Robinson and Calderon 2010). 
Instrumental details for ICP-OES can be found in appendix E.  
 
3.5.4.1 Extraction of inorganic and organic phosphorus pools in the soils 
The method for extracting the pools of total inorganic and organic phosphorus in 
the soils (Möberg and Petersson 1982) is based on the assumption that inorganic P is 
bound to metal oxides and sesquioxides that are soluble in medium- strong to strong 
acids, whereas phosphorus bound to organic matter is not released. Sulphuric acid, H2SO4 
(6 M), is used to dissolve the inorganic P in the samples. Humic acids are insoluble under 
acid conditions. Fulvic acid (FA) is soluble in aqueous conditions, but will not be 
measured by the molybdate-blue method (section 3.3.5) as it will exist as FA-PO4 and not 
as free aqueous PO4 (vanLoon and Duffy 2007). Total P is determined applying the same 
method after heating the soil samples up to 550
o
C, converting organic P to inorganic P. 
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These samples will then contain the total P in inorganic mineral form. The content of 
organic P is determined by difference between total P and inorganic P.  
A test to check possible effects of a lack of matrix-matching between standards 
and samples showed no significant difference between samples with or without matrix 
matching with acid (appendix F). Matrix matching, instrumental settings and the results 
from the analysis is also found in the appendix F. 
 
3.5.4.2 Determination of ammonium lactate-extractable (plant available) P, Ca, Mg, Na, 
K, Fe, Al and Mn 
Ammonium lactate extractable nutrients are considered to correspond to plant 
available nutrients that plants can assimilate from the soil over a short period of time 
(Krogstad 1992). This P-pool will therefore be referred to as plant available phosphorus 
throughout the thesis.  
The extraction solution is a buffer (pH 3.75) of 0.1 M ammonium lactate and 0.4 
M acetic acid.  
The phosphorus concentration in the extracts (P-AL) was determined as outlined 
in chapter 3.5.4 by the molybdate blue method using a Cary 300 Spectrophotometer and 
also by the method of ICP-OES. Results are given in appendix G. 
 
3.5.4.3 Determination of water soluble P  
The water soluble soil pool of P was determined by extracting the soil with 0.0025 
M CaCl2- solution, as used at the University of Life Sciences (UMB) and Bioforsk (e.g. 
Krogstad and Øgaard 2008). The soil sample was mixed with the CaCl2-solution at a ratio 
of 1:20 soil:solution. 0.0025 M CaCl2 is used to try to best match the salt-concentration in 
the soil some time after fertilizing (Tore Krogstad, Pers.Comm.). The soil:solution 
relationship and the extraction time is the same as what is used for analyzing P-AL, 
outlined in section 3.5.4.2. 
The concentrations of P in the extracts were determined by the molybdenum blue 
method described in section 3.5.4. When attempting analysis by ICP-OES, the 
phosphorus and cations were found to be around or below the detection limit, and were 
disclaimed. In the spectrophotometric analysis on the spectrophotometer, the LOD was 
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found to be 0.0168 mg/l, and all the results below the Ap-horizon were below the 
detection limit.  
Instrumental settings and results are found in appendix H.  
 
3.5.4.4 Determination of acid- oxalate extractable (adsorbed) P, Ca,Mg,Na,K, Fe, Al and 
Mn 
Acid oxalate extractable P, Ca, Mg, Na, K, Fe, Al, and Mn was determined 
according to van Reeuwijk (1995). The extraction solution is a mix of ammonium oxalate 
((COONH4)2×H2O) and oxalic acid ((COOH)2×2H2O) with pH 3. It is considered to give 
a measure of how much P is adsorbed to the particles. Throughout this thesis, oxalate 
extractable will be referred to as adsorbed P and cations. 
 Unfortunately, it is not possible to give information about the amounts of 
adsorbed calcium, which was found to be abundant in the AL-extraction for plant 
available nutrients, from this analysis. This means that it is not possible to compare these 
amounts with the released calcium during the extraction of plant available phosphorus 
and cations (section 4.1.3). This is because with such large amounts of oxalate as is 
present in this extraction, the calcium released will precipitate with oxalate. Calcium-
oxalate (CaC2O4×H2O) is quite insoluble (Ksp = 4 × 10
-9
, Aylward and Findlay 2008). 
This results in calcium not remaining in the filtrate and thus not being measured in this 
extraction. 
Ferric hydroxide and oxyhydroxides, ferrous hydroxide and amorphous oxides 
and Al-minerals are important for the retention of phosphorus in soils (Reddy and 
Delaune 2008). The oxalic acid will dissolve Fe and Al-oxides, hydroxides and 
sesquioxides without dissolving the crystalline soil particles. Fe and Al ions are complex-
bound by oxalate (C2O4
2-
), allowing phosphate to remain in solution.  
Finding the concentration of phosphorus by the molybden blue method described 
in section 3.5.4 failed. There was no colour developed when oxalate-solution was present. 
This is probably due to the oxalate-ions inhibiting phosphate from forming complexes 
with molybdenum and antimon.  
P, Ca, Mg, Na, K, Fe, Al, and Mn were measured on the ICP-AES and results are 





3.6 Water analysis 
 
3.6.1 Phosphorus fractions in EUTROPIA water samples 
Figure 20 shows the different operationally defined fractions of phosphorus that 
are obtained through the EUTROPIA project. A 0.7 µm Whatman GF/F- filter separates 
particulate from dissolved fractions. 
 
Figure 20: The phosphorus fractionation scheme for water samples (Based on fractionation scheme 
by Vogt 2009 (Pers.Comm.) 
 
Through the determinations of the total amount of P (TP) and soluble reactive P 
(RPF) on raw and filtered samples, the following P- fractions are measured directly: TP 
(raw), RP (raw), TP (filtered) and dissolved RP. The particulate bound P (PP) and P 
bound to dissolved organic matter (DOM-P) may be calculated as the difference between 
the TP in raw and filtered sample and the difference between the TP and RPF in the 








Table 4: Terms for phosphorus fractions (EUTROPIA) that will be used in this thesis. 
Total phosphorus (raw) TP (Group A) 
Reactive phosphorus (raw)   RP (Group B) 
Total phosporus (filtrated) TPF (Group C) 
Reactive phosphorus (filtered)   RPF (Group D) 
Dissolved organic matter- bound phosphorus DOM-P (Group C – Group D) 
Particulate phosphorus  PP (Group A – Group C) 
 
3.6.2 Phosphorus fractions in the Bioforsk-samples 
There are two operationally defined fractions of phosphorus measured in the 
Bioforsk-data. These are total phosphorus (tot-P) and soluble phosphorus (PO4-P).Tot-P 
is determined by NS EN ISO 15681-2 2 and PO4-P is determined by NS EN ISO 15681-
2 3. Raw data for 2007 can be found in Bechmann (2008) and raw data from 2008 can be 
found in Skarbøvik et al. (2009).  
 
3.6.3 Phosphorus analysis on water samples (EUTROPIA-data) 
Total phosphorus and phosphate was analyzed on raw and filtered water samples. 
This was performed by Parekh (2011). Prior to analysis, all standards and samples were 
conserved by adding H2SO4 to 0.04 M. The analysis was performed using a CNP-auto 
analyzer (SKALAR San
++
 Automated Wet Chemistry Analyzer) (Mohr 2010). This 
instrument is used to determine Tot-P, PO4-P, Tot-N, NO3-N, NH4-N, TOC and Si. Total 
phosphorus was found by the molybdate blue method (Explained in section 3.5.4) based 
on the Norwegian Standard NS 4725. In this method, inorganic, organic and complex 
bound P are transformed to orthophosphate by decomposition with peroxi-disulphate. 
Determination of phosphate is based on the Norwegian Standard NS 4724. Results for the 
P-data are listed in appendix K. 
 
3.6.4 Compilation of P- data 
Two datasets from different laboratories were used to provide information about 
total phosphorus, dissolved phosphate and suspended solids (SS) in this thesis. One of the 
datasets is provided by Bioforsk through the Morsa monitoring programme, analyzed by 
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Eurofins AS. The other dataset is from the Environmental Chemistry group at the 
University of Oslo. In trying to combine the data to get a more complete dataset, it was 
found that absolute concentrations of P fractions in samples taken on the same time and 
place did not correspond well with each other. The tot-P was found to be well correlated 
(R
2
 = 0.86), but about 3 times higher in the Bioforsk-data analysed by Eurofins, 
compared with the results obtained by the Environmental Chemistry group (Figure A.10 
and Table A-14, Appendix J). The results for RPF were not so well correlated (R
2
 = 0.35), 
possibly due to lower concentrations, but showed the same systematic higher values in 
Bioforsk-data results compared with the Environmental Chemistry group’s results 
(Figure A.11 and Table A-15, Appendix J) 
The phosphorus determinations and fractionations are operationally defined, 
which therefore render the results susceptible for influence by slightly varying analytical 
techniques.  Although generally complying with the method procedure, the phosphorous 
concentrations were determined using deviating digestion techniques, sets of standards 
and analytical instruments. It was not within the scope of this thesis to conduct an inter-
calibration. Nine samples were however sent for control to both laboratories as a response 
to these deviating results. These samples were pre-treated in the same manner. The 
results were not clarifying, as the results were more scattered. There was not a good 
correlation, and 8 out of 12 samples were higher at the Eurofins laboratory (Table A-16 
Appendix J). There are many factors that may lead to deviating results, such as varying 
storage time, slightly differing sample conservation, fractionation methods and different 
instrumentation. Analysing unfiltered samples poses special challenges as the extent of 
agitation and settling of the particles may vary as well as the degree of decomposition. 
There was however a quite good correlation between the total phosphorus fractions 
analyzed by the two different laboratories which may indicate that the 3:1 difference was 
a systematic error somewhere. This error is, however, not identified. 
Both datasets will be used throughout this thesis, but the data are not merged. 
When presenting results, it will be stated which dataset is used for the different purposes.  
 
3.6.5 Physical and chemical characterization of water samples 
Analysis of physical and chemical characteristics, including all major anions and 
cations, of the water samples was conducted at the Department of Environmental 
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Chemistry, University of Oslo. The analyses are conducted in a collaboration effort 
between the students in the Group of Environmental analysis, often with one student 
responsible for one or more of the parameters. The parameters of pH, conductivity, 
alkalinity, UV and filtration with Suspended Solids (SS), were performed by the author 
of this thesis on approximately 60-90 samples.  
 
3.6.5.1 pH 
The pH was measured (on unfiltered samples) using an Orion pH-meter with a 
ROSS pH electrode, according to ISO 10523. The instrument was calibrated for pH 4 and 
pH 7. Data listed in appendix L. 
 
3.6.5.2 Conductivity 
Conductivity was measured according to ISO7888 with a conductivity meter, 
Mettler Toledo AG, FiveGo
TM
, calibrated using 1433 μS/L calibration solutions.  
 
3.6.5.3 Alkalinity 
Alkalinity was determined on unfiltered samples with a pH > 4.5 as described in 
ISO 9963-1 using a Ω Metrohm Swissmade 702 SM Titrino. The titration was conducted 
using 0.02 M HCl on the samples till pH 4.5 was reached, using a pH meter calibrated for 
pH 4 and pH 7. Data listed in appendix L. 
In the unfiltered samples there might be particles in solution, e.g. CaCO3, that 
might buffer the system and thereby increase the amount of acid needed in order to reach 
pH 4.5. Another confounding factor is that particles and colloidal material may adsorb H
+
 
on surface functional groups. For these reasons, alkalinity conducted on unfiltered 
samples could possibly give a positive error to the alkalinity measurements. 27 samples, 
representing both samples with high and low amounts of particles, were therefore 
analyzed for alkalinity before and after filtration in order to check the effect of particles 
on the alkalinity measurement. A t-test was performed which indicated that there was no 
significant difference between the two sample pre-treatment methods (unfiltered vs. 
filtered samples) on the alkalinity measurements. The results and statistics are presented 
in appendix M. 
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The concentration of bicarbonate (HCO3
-
) is calculated from the alkalinity 
measurement assuming that no other weak acids (e.g. Al and Fe hydroxides and organic 
acids) are present in significant amounts. Some of the H
+
 added in the titration is needed 
to change the pH from the sample pH to pH 4.5. This is corrected for by subtracting the 
calculated amount of H
+
 that is needed to change the sample pH to pH 4.5.  
 
3.6.5.4 UV (254 nm) and UV (400 nm) 
UV (254 nm) and UV (400 nm) were measured to get a proxy for the dissolved 
organic matter (DOM)-content in the samples. This was done using 10 mm quartzglas 
SUPRASIL
®
 cuvettes on a Shimadzu UV1201 UV-Vis Spectrophotometer. Data listed in 
appendix L. 
 
3.6.5.5 Filtration of water samples for further analysis on filtered samples and for 
determination of Suspended Solids (SS) 
Filtration of the samples was conducted according to NS-EN 872 with some 
modification. The filter type used was a Whatman GF/F 0,7µm, 47 mm. The particles 
were divided into inorganic (SSI) and organic (SSO) after the method of Krogstad (1992). 
A Standard Operating Procedure was made by the author of this thesis, where the 
procedures were slightly modified (appendix N.2) The SSO was determined by heating to 
450
o
C, due to the filters not tolerating the temperature of 550
o
C for 4 hours.  
The Suspended Solids (SS) concentration in the sample was found by determining 
the amount of suspended solids on the filters. Prior to filtration, the filters were washed, 
burned at 550
o
C, dried and weighed. The sample (measured in grams) is run through the 
filter and the filter is dried at 105
o
C.  Total Suspended solids were determined as 
increased weight of dried filters before and after filtering of a given volume of sample 
(Appendix N.1). Gebreslasse (2011) conducted the bulk of the filtration analysis. 
 
3.6.5.6 Suspended Solids (SS) from Bioforsk-data 
 Suspended solids (SS) are determined by NS 4733-2, 2
nd
 ed. 1983 and NS-EN 
872, 2
nd













 were found by using a Dionex ICS-2000 Ion 
Chromatography System with chemical suppression, based on ISO 10304-1, and in 
accordance with the DIONEX manuals. This was performed by PhD research fellow 
Alexander Engebretsen. Data can be found in appendix O. 
 









 were found by the method of ICP-OES, according to ISO 
22036. This was conducted on filtered samples by PhD research fellow Christian W. 
Mohr. Data can be found in appendix O. 
 
3.6.5.9 Major cations and major anions used as a quality check on drainage  
The accuracy of the analysis of cations and anions can be checked by calculating 
the electrical balance (E.B; Equation in appendix R.1). The sum of positive and negative 
charges in water should always be balanced and there should be overall electrical 
neutrality.  For the five samples in the stream, the EB (%) ranged from -10 % to 1.6 % 
and Figure A.12 (appendix O) shows the linear relationship between cations and anions, 
R
2 
= 0.82.  
Table A-23 (appendix O) and Figure A.13 (appendix O) show the relationship 
between cations and anions in the Huggenes drainage water, based on 53 samples. The 
EB (%) ranges from -7.92 to 7.17 and R
2
 = 0.94. The cations amount to 47.8 % of the 
total major ions, whereas anions amount to 52.2, and the EB (%) was calculated to be -
4.3. The results ranged from -7.4 – +7.2 % for the 53 samples used in the calculation.  
 
3.6.6 Calculations for total load of P, flow-weighted mean concentration and 
runoff-normalization 
The basis for the runoff is the Skuterud stream. These data were available through 
JOVA (2011).  
The calculation of the total load of tot-P and SS in the Huggenes stream were 
done using linear interpolation, a common method for determining total loads, used by 
among others Bioforsk (Skarbøvik et al. 2011). The correlation between runoff (l/s) and 
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tot-P (µg/l) is obtained from samples collected approximately every 14
th
 day. The 
equation obtained was used to estimate the yearly total loads by use of daily values of 
runoff. The results also made it possible to assess the seasonal variation in tot-P- release. 
There are several assumptions during these calculations. This means that the results 
should be interpreted with caution. The runoff data used originate from the Skuterud 
stream in Ås municipality, and are conformed to match the size of the Huggenes stream 
catchment area. In this, it is assumed that the streams are similar, except for size. The fact 
that the P- results are based on one sample from every 14
th
 day, and that daily runoff- 
data are based on one value, also make the calculations approximate. The total loads were 
calculated for 07/08, 08/09 and 09/10. The curves with R
2
- values are shown in appendix 
R.4.  
The flow-weighted mean concentration is found by dividing the sum of the 
transport which gives the total amount of P flowing through the river. When dividing this 
by the sum of the flow again, the flow-weighted mean concentration is obtained 
(Equation in appendix R.3). Normalization of the results to adjust yearly flux for “normal 
year” was performed using the equation in Appendix R.2. 
 
3.6.7 Statistical analysis  
Principal Component Analyses (PCAs) were performed with the purpose of 
reducing the dimensionality of the dataset to uncover underlying variables. Principal 
components were found by correlation (joint variation) between all the variables (Miller 
and Miller 2005). In addition, individual Pearson correlations were performed in order to 
find the strength of association between variables. Results for correlation analysis and 
PCA- analyses are given in appendix Q. 
 
4 Results and discussion 
 
4.1 Soil analysis 
The soil samples from the two soil profiles, Stagnosol and Cambisol, in the Huseby 
field were analyzed for soil pHH2O, organic matter (OM), total carbon (TC), total nitrogen 
(TN), inorganic and organic phosphorus, water soluble phosphorus, plant available 





In Figure 21 and Figure 22 the pHH2O for soil and lysimeter soil water samples 
from different depths and genetic horizons of the two soil types are shown.  
 
 






Figure 22: Soil pHH2O and lysimeter pH in Stagnosol. 
 
The soil pHH2O of the Cambisol and Stagnosol ranged from pHH2O 5.36-6.17 and 
5.40-6.71, respectively. The soil pH in both soil profiles was relatively low in the more 
organic Ap-horizons. pHH2O increased due to neutralization through acid-consuming 
weathering down through the Bg and BCg horizons and was highest in the upper C 
horizon. The pHH2O decreased into the C horizon at 2 m depth. The parent material in the 
Stagnosol might be rich in iron sulphide, which could have been oxidised to sulphuric 
acid when exposed to oxygen during sample storage and preparation (equation 9; Brady 
and Weil 2004) 
 






The soil water lysimeter samples for the two locations, which consist of only one 
sample from each of the main horizons, had pH between 6.7 and 8. These values were 
higher than found for the soil pHH2O. In the Stagnosol, the pH was highest in soil water 
from the Ap-horizon, whereas in the Cambisol, the pH was highest in the C-horizon at 2 
meter depth. The large difference in soil water and soil pH may indicate the presence of 
macropores allowing for non-equilibrium between the water flowing down through the 
 49 
 
soil and the soil matrix. The presence of macropores was shown in Figures 13-16 in the 
method chapter.  
 
4.1.2 Loss on Ignition (LoI), Total Carbon (TC) and Total Nitrogen (TN) 
Organic content in the Cambisol and Stagnosol was high in the Ap-layers, 
dropped abruptly down into the Bg-horizon, and decreased further through the B-horizon 
into the C-horizon (Figure 23 and Figure 24). The organic matter can acidify the soil by 
forming complexes with base cations, so these cations are released from the soil (Brady 
and Weil 2004). Organic matter also contains acid functional groups which can release 
H
+
. In this way, the higher organic matter content can explain the lower pH in the Ap-
horizons shown in section in 4.1.1. 
 
 
Figure 23: Ignition loss (%) found at UiO and TC (%) from the Norwegian University of Life 




Figure 24:Ignition loss (%) found at UiO and TC (%) from the Norwegian University of Life 
Sciences (UMB) in Stagnosol 
 
In the Stagnosol soil Ap-horizon, the LoI (%) amounted to more than 10 %. The 
high organic content in the Ap- layer may be due to agricultural ploughing, burying 
organic plant material in the top 30 cm of the soil. The organic content was higher in the 
Stagnosol samples than in the Cambisol samples. This was likely due to the higher clay 
content in the former, with large surface areas able to bind the organic compounds 
strongly (Brady and Weil 2004).    
Total nitrogen (TN) in the soil ranged from 0.01-0.21 % in the Cambisol (Figure 
25) and 0.02-0.37 % in the Stagnosol (Figure 26) with almost negligible amounts below 





Figure 25: Total Nitrogen (TN) in percent in the Cambisol soil. 
 
 
Figure 26: Total Nitrogen (TN) in percent in the Stagnosol soil. 
 
TN in soil is strongly linked to the soil organic content. This is seen as a strong 
correlation (r
2
=0.997) between TN and TC (Figure 27), implying that most of the 





Figure 27: Total nitrogen (TN) vs. Total carbon (TC). The figure shows the strong correlation 
between the two variables. 
 
The overall slope coefficient of the regression line between total nitrogen and total 
carbon (C/N) is 14.8. This is quite a high ratio of nitrogen relative to carbon. The C/N in 
the organic matter of Ap-horizons of cultivated soils often lie between 8:1 to 15:1, with 




4.1.3 Plant available cations 
Plant available nutrients were detected, to assess what cations the P in this pool 
had been assosiated with. Figure 28, Figure 29, Figure 30 and Figure 31 show the cations 
that were released during the extraction with ammonium-lactate (AL) (pH 3.75), which is 
considered to represent the plant available pool of cations in the soil. During the 
extraction, the NH4
+
 exchanges cations from the soil particles. At the same time, lactate 
will desorb the Fe and Al in the solution by forming complexes with them. The result is 





Figure 28: Plant available (ammonium lactate, pH 3.75) cations  in the Cambisol soil in meq/kg. 
 
 





Figure 30: Plant available (ammonium lactate, pH 3.75) cations in the Stagnosol soil in meq/kg. 
 
 
Figure 31: Plant available cations  in the Stagnosol (percent distribution). 
 
As amorphous Fe and Al will likely not be dissolved by this extraction, the results 
show that there is a high content of exchangeable Al and Fe in the Ap-horizon. This is in 
agreement with the low pH (section 4.1.1.), and implies a relatively lower base saturation 
(BS) in the Ap-horizon. In the B and C horizons, the cation exchanger mainly consisted 
of Ca and Mg, which implies a high BS. The variation in the % BS is in agreement with 
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the variation in the soil pHH2O. The soil pHH2O was lower in the Ap-horizons where the 
Fe and Al seemed to constitute a larger part of the total cations. In the BC-horizons, 
where the pHH2O was at its highest, the % BS was also at its highest. In the deepest C 
horizon both the soil pHH2O and % BS drops. In section 4.1.1, this was argued to be due 
to oxidation of iron sulphides (FeS), which is here substantiated by elevated Fe levels.  
These data show a higher % BS for the Stagnosol than the Cambisol. This is also 
in agreement with the pH being higher in the Stagnosol than in the Cambisol, especially 
in the B- and C horizons. This is probably because the Stagnosol is located further down 
and will receive ions by overland and/or sub-lateral flow. 
 
4.1.4 Acid oxalate extractable cations (Adsorbed cations). 
Figure 32, Figure 33, Figure 34 and Figure 35 show the Fe and Al released during 
the acid-oxalate extraction at pH 3. 
  
  




Figure 33:  Adsorbed Fe and Al in the Cambisol (percent distribution). 
 
 




Figure 35: Adsorbed Fe and Al in the Stagnosol soil (percent distribution) 
 
The acid oxalate extraction releases the amorphous (non-crystalline) iron and 
aluminium oxides and hydroxides and organically bound Al and Fe (Pierzynski 2000). 
Iron and aluminium hydroxides have several OH-groups in the surface positions, 




 on adsorption sites. The acid-oxalate 
extraction is a method that is developed to determine adsorbed iron and aluminium. It 
gives information on the amorphous iron and aluminium, organically bound Al and Fe, 
and the phosphate bound to these metals. During the measurement of plant available 
phosphorus with cations, it was evident that much of the phosphorus seems to be bound 
to Ca, both in the top soil, and even more in the subsoil. Unfortunately, it is not possible 
to give information about the amounts of adsorbed calcium from this analysis, or to 
compare these amounts with the released calcium during the extraction of plant available 
phosphorus and cations (section 4.1.3). Correspondingly, the calcium will not remain in 
the filtrate and cannot be measured in this extraction. 
 The general trend of adsorbed Fe and Al in the Stagnosol and Cambisol soils was 
a decrease from the Ap and down towards the C horizon. The shift in the content of Al 
and Fe into the B- horizons was not so abrupt, and in the Stagnosol the levels in the B-
horizons are actually higher than in the Ap-horizon. This is likely due to precipitation of 
iron oxides/hydroxides/sesquioxides leached out of the Ap-horizon. This will then be 
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designated a Bgs-horizon, which implies that eluviation of oxides has occurred, 
accumulating iron in this horizon (Brady and Weil 2004).  
 
4.1.5 Phosphorus pools  
The pools of phosphorus were measured in the soil samples in order to understand 
the processes governing the leaching of P from the field. Figure 36 and Figure 37 show 
the different phosphorus fractions in the Cambisol and Stagnosol soil samples, 
respectively. A more detailed description and discussion of the different fractions will be 
conducted in the following chapters. 
 
 
Figure 36: Phosphorus pools throughout the Cambisol soil profile in mg/kg. The upper bar in each 
depth shows inorganic and organic phosphorus. The lower bar shows adsorbed phosphorus with 






Figure 37: Phosphorus pools throughout the Stagnosol soil profile in mg/kg. The upper bar in each 
depth shows inorganic and organic phosphorus. The lower bar shows the adsorbed phosphorus with 
plant available phosphorus and water-extractable phosphorus integrated. 
 
4.1.5.1 Inorganic P and Organic P 
The upper stacked bars in Figure 36 and Figure 37 show the inorganic and organic 
phosphorus in the Stagnosol and the Cambisol, respectively. The results are given in 
appendix F. The total amount of phosphorus in the Ap-layer corresponded to 0.12 % of 
the soil mass in the Cambisol and 0.21% in the Stagnosol. The amount in agricultural soil 
is usually around 0.1 % or lower, but after fertilization over a long period of time, the 
levels can reach 0.2-0.3 % (Krogstad and Løvstad 1987).  This shows that the total 
phosphorus in the Huseby field is high, especially in the Stagnosol, and the potential for 
leakage of P is high. 
The variation with depth for inorganic and organic phosphorus was similar in the 
two soil profiles, with high levels in the Ap-horizon, dropping abruptly into the Bg and 
then increasing gently again further down into the profile. The Ap in the Stagnosol 
contained almost twice the amount of tot-P than what was found in the Cambisol. This 
may be due to the fact that the Stagnosol is located further down in the recharge zone, 
down-slope of the Cambisol, allowing for overland and/or sub-lateral flow of P rich water 
out of the Cambisol Ap and into the Stagnosol Ap-horizon (Krogstad 2001). About 55 % 
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and 65 % of the total P in the Ap-horizon was inorganic phosphorus in the Stagnosol and 
Cambisol, respectively. In the B and C horizons the total P was mainly constituted of 
inorganic phosphorous. The total P content in the B- and C horizons was similar in the 
two profiles. 
Down to about 1 m depth, where the drainage pipes are located, total phosphorus 
content increased to quite a high level (70 – 80 mg P/100g). Soil eroded from this layer 
and into the drainage pipes will therefore have a significant P content. Reasons for this 
increase in P content with depth may be vertical downwards transport of P rich water and 
particles from the Ap-layer through macropores in the more coarse sandy soil texture BC 
horizons, and down into the deeper and more clay rich loamy C horizon layers. Another 
reason for this may be that the soil originates from marine deposits, naturally rich in P. 
The clay contributes to a good capacity to retain P. 
 
4.1.5.2 Water soluble P 
The content of water soluble P in the soil samples was very low. The levels in the 
Ap-horizons in both the Stagnosol and Cambisol ranged from only 1.0 to 2.0 mg/kg, 
which is the equivalent of up to 0.2 % of the total phosphorus. Below the Ap-layer (from 
40 cm and down) the amount of soluble P was under the detection limit. The low levels 
of soluble P in samples from both the Stagnosol and the Cambisol may be explained by 
the no-fertilizing policy on the field since 2008, and the high amount of Fe, Al and Ca 
that immobilizes phosphate.  
  
4.1.5.3 Plant available phosphorus (P-AL) 
The plant available phosphorous (P-AL) is considered to be the P available for 
plant uptake, e.g. during one growing season. The results from the Ap-layer were 
approximately three times lower than what has been found earlier in the same field 
(Figure 11). For this reason, 10 soil samples were sent to Eurofins AS (Eurofins Norsk 
Matanalyse AS), for analysis of plant available P, Na, K, Ca and Mg. When comparing 
these results, with results obtained at UiO, all the cations were found to have 
approximately a 1:1- relationship, whereas P had a 3:1- relationship (Appendix G.3). This 
was considered as an indication that the extraction solution was not the problem, but that 
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there must be an error during calculations, analysis or reporting. In searching for the 
error, the total P content in the extract was analyzed again by an independent chemist 
(Appendix G.3). Both results at UiO gave the same results. For this reason, it was 
decided to use the results obtained at UiO. The results for plant available P should 
therefore be interpreted with caution.  
The amount of plant soluble phopshorus obtained by ICP-OES (blue line) and by 
spectrophotometrically following the molybdate blue method (red line) is shown for the 
Cambisol in Figure 38 and for the Stagnosol in Figure 39.  
 
 




Figure 39: Plant available P in the Cambisol soil as found by Spectrophotometer and ICP-OES. 
 
The distribution of plant available phosphorus shows an abrupt decrease from the 
Ap to the B-horizons, and then only a slight increase further down the profile. This 
pattern is similar to what was found by Börling (2003) and Krogstad and Øgaard (2008) 
for cultivated soils. The slight increase of P-AL around the drainage pipes at about 1 m 
depth, may be due to macropore transport of P. It may also be because the soil is 
naturally P-rich, as mentioned in section 4.1.5.1. This indicates that there might be a risk 
of P leaching at this depth, where the pipes can transport the P straight into the lake.  
The decrease of P in the BCg1 and Bg- horizons was sharper compared with the 
decrease of inorganic P, and P did not increase as much further down. The pattern 
resembles that of the adsorbed P. In the Ap-horizons, the plant available P as a fraction of 
inorganic P and adsorbed P was similar (~ 10 %). Further down the profile, the plant 
available P was only ~ 2 % of the inorganic P, but up to 10 % of the oxalate P. This is 
because the oxalate P is much lower further down the profile, and indicates that much of 
the inorganic P in the subsoil is unavailable, likely due to aging.  
The higher concentrations in the Ap-layers are likely due to fertilizing that have 
added more P than the plants have been able to assimilate. As is seen from the Figure 38 
and Figure 39, the extracts measured using ICP-OES detection generally rendered higher 
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concentrations of P compared to what was obtained by employing the molybden blue 
method. This was especially the case for the soil samples from the Ap-horizons (0-30 
cm). This difference is commonly found, and lies according to Krogstad (1992), on 
average between 10-20 % for cultivated soil, depending on the amount of organic 
phosphorus substances released in the extraction. The difference depends on the amount 
of organic P in the extract.  In the current analysis, the results from the ICP-OES are 
about 10-15 % higher in the Ap-horizon compared to the results from molybden blue 
detection. This is not seen in the lower horizons where organic matter and thus organic 
bound phosphorus is lower.  
 
4.1.5.4 Phosphorus bound to amorphous iron and aluminium (Adsorbed phosphorus). 
Figure 36 and Figure 37 show that the acid-oxalate extraction for releasing 
adsorbed iron and aluminium, released around 55-70 % of the equivalent of the total 
phosphorus in the Ap-horizons of the Stagnosol and Cambisol soils, whereas only around 
the equivalent of 15-30 % of the total phosphorus was released in the lower Bg and C 
horizons. This implies that adsorbed phosphorus makes up a larger part of the total 
phosphorus in the Ap-horizons.  
 
4.1.5.5 Phosphorus Saturation Degree (PSD) 
To gain information about the PSD (%) of the soil, the amount of adsorbed 
phosphorus, iron and aluminium extracted using acid-oxalate, is used. The calculation is 
done using equation 5, section 2.8.  
Figure 40 and Figure 41 shows the calculated phosphorus saturation degree (PSD 





Figure 40: The degree of P saturation (PSD in %) in the Cambisol soil. 
 
Figure 41: The degree of P saturation (PSD in %) in the Stagnosol soil. 
 
The relative variation in PSD down through the soil profiles shows a sharp 
decrease in the Bg and BCg1- horizons as for the plant available P and adsorbed P. The 
increase is higher again in the subsoil. The reason for the higher PSD (%) in the subsoil is 
due to less Fe and Al compared with P in these subsurface- horizons. The subsoil may be 
saturated due to the naturally apatite-rich soil, or due to P removed from upper horizons. 
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The figures show that the values in several layers of the Cambisol and Stagnosol 
exceeded the set critical boundary of 25 %. It is especially interesting to see that the PSD 
(%) is high in the top soil, and also at the depth where the drainage pipes are located. If 
phosphate is solubilised at or near the drainage pipes, this can be transported directly out 
in the stream. P-containing particles transported in the soil water, percolating downwards 
through the soil profile, may be saturated and possibly at risk of leaching P. This 
indicates that P can potentially be released straight into the Huggenes stream. 
P bound to calcium is also released in the extraction, and calcium is precipitated 
out with oxalate and therefore not measured in the extract. In the AL-extraction, it was 
found that calcium was a large part of the ions in all horizons, and especially in the 
subsoil where it amounted to approximately 60 %.  
 
4.1.5.6 Phosphorus in the Huggenes stream sediment  
Chang and Jackson (1957) sequential extraction was performed on sediment 
samples in the Huggenes stream by Gebrelasse (2011). The results are shown in Table 5. 
The total amounts of phosphorus in the sediments are 1.5 times the total P in the 
Stagnosol Ap-horizon and 2.6 times the amount of total P in the Cambisol Ap-horizon. 
The higher P-content in the sediment can be due to enrichment of P because of 
preferential erosion of smaller sized particles of silt and clay, richer in phosphorus. The 
enrichment ratio will vary for soils with different properties and, and the ratio will differ 
for different P-fractions (Sharpley 1985). 
 
Table 5: Chang and Jackson P-fractions in Huggenes stream sediment (Gebreslasse 2011). 
Phosphorus 
fraction 







486 394 496 1660 66,5 3100 
 
The erosion risk in the Huseby field is classified as medium high (Figure 18). The 
elevated concentrations in the stream compared with the lake indicate that particles are 
released to the stream, and that they might settle there. The concentrations of total 
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phosphorus in the Huseby field soil samples are so high that even with small erosion risk, 
an episode of flushing of soil into the stream, may contribute with particles rich in P. 
Some of the smaller particles may possibly travel further and possibly reach Western 
Vansjø. This does not necessarily contribute to the eutrophication problem, depending on 
the desorption of P from the particles. As mentioned in section 1.5, NIVA found that the 
input from the catchment was the main source of P, indicating that the sediment P in the 
lake bottom is relatively stable. 
 
4.1.5.7 Principal Component Analysis (PCA) and Pearson correlation analysis of 
Cambisol and Stagnosol soil  
A Principal Component Analysis (PCA) was performed on the Huseby drainage 
water, using depth, LoI, pH, adsorbed Al (AlOxalate), Fe (FeOxalate) and P (Poxalate), 
plant available Al (AlPAL), Fe (FePAL), Ca, (CaPAL), Mn (MnPAL), Mg (MgPAL), Na 
(NaPAL) and P (ALP), tot.P, org.P, inorg.P and water soluble P (P_W.S.). The PCA- 
diagram is presented in Figure 42. Component loadings and a correlation matrix are in 
appendix Q. 
 




A correlation matrix on the same parameters, also including tot.C and tot.N can be 
found in appendix X. The two latter variables were not included in the PCA due to 
missing values. 
The most apparent feature is that many of the parameters correlate well with each 
other. This is likely because they all co-variate with soil depth, which inherently 
influence the pattern of the parameters. The characteristics of the upper layers, are more 
organic matter, lower pH and higher P-fractions, whereas the lower horizons are 
characteristic for subsoil. Since there is only one measurment of each variable for each 
depth downwards, the patterns in the PCA will be influenced by the depth.   
In the PCA, only the two first components involved high loadings (above 0.7) for 
more than one variable. The first component (PC1) explained 64.4 % of the variance, and 
the second component (PC2) explained 15.9 % of the variation. All the P- fractions were 
clustered together with Fe, Al and K (oxalate and AL) and organic matter. The loading of 
LoI, which varies with the depth, is 0.996. However, the loading for depth was only -
0.570.  
Plant available Mn, Mg and to some extent Na and pH loaded on the second 
component. By inspecting the correlation matrix, plant available Na, Mn, Mg, adsorbed 
Fe, and pH did not correlate with any of the P fractions.  
Organic P strongly correlates with plant available Al (r= 0.923) and adsorbed Al 
(r= 0.931). The same kind of relationship between the organic P and the Al-parameters 
was also found by Williams et al. (1971) when analyzing lake sediments. This is likely 
due to Al
3+




.   
Adsorbed P has a higher correlation with organic P (r=0.930) than with inorganic 
P (r=0.786). The amount of adsorbed P was found to be higher than the inorganic P in the 
Stagnosol Ap-layer. This, and the strong correlation with organic P indicates that the 




4.2 Water chemistry: Soil water, drainage water and stream water 
 
4.2.1 pH and Alkalinity measurements  
Table 6 shows the pH and alkalinity in the Huseby drainage water and in the 
Huggenes stream water. 
 
Table 6: pH and alkalinity in the Huseby drainage water and the Huggenes stream 
Measured parameter Range Mean  Median 
pH drainage  6.27 - 8.26 7,01 7,40 
pH stream 6.26 - 7.56 6,74 6,97 
Alkalinity drainage (µmol/l) 264 - 2571 1265 1091 
Alkalinity stream (µmol/l) 
(µmol/l) (µmol/l) (µmol/l) 
405 - 1440 884 828 
 
The pH in the Huseby drainage water and Huggenes stream water were significantly different, 
t (251) = 2.39, p = 0.018. The alkalinity was also significantly different, t (254) = 2.05, p = 
0.041. The slightly higher alkalinity in the drainage water compared with the stream is likely 
due to more weathering of carbonate minerals. The soil water pH ranged from 6.7-8 (Figure 
21 and Figure 22), which is quite similar to what is found in both the drainage and stream pH. 
This tells us that the particles released, will meet an environment with a similar pH, which 
may keep the particles stable.  
 
4.2.2 Major cations and anions in the drainage water and stream water  

















) in 53 samples from the Huseby drainage is presented in 
Figure 43. Mean values in µeq/l are shown in Table 7. Numerical values and correlations are 
found in appendix O.  
 






























Figure 43: Charge distribution of major cations and anions in the Huseby drainage water, based on 53 
samples. 
 

















) in 5 samples from the Huggenes stream is presented in 
Figure 44. The average amounts in µeq/L
 
are given in Table 8. Numerical values and 
correlations are found in appendix O.  
 
Table 8: Ions in the stream (µeq/L) (Because of lack of data, the tot-F, RP (F) and H+ are not included in 













































Figure 44: Charge distribution of major cations and major anions in the Huggenes stream, based on 5 
samples. 
 





In the stream Ca
2+
 is the dominant cation, but here SO4
2-
 (19 %) share the role as major anion 
with HCO3
-
 (18 %). The higher amount of sulphate in the stream is probably due to oxidation 
of sulphides (e.g. FeS).  
The amount of SO4
2-
 in the one sample collected on the 18.11.09 was 3-5 times higher 
compared with the four other samples. The amount of precipitation on this date and the days 
before was quite high, which likely has saturated the soils with water leading to fluctuating 
red-ox conditions in soil, with leakage of sulphur into the stream. Oxidation of sulphides to 
sulphate is an acidifying reaction. This is recognized by a relatively low alkalinity in this 
sample.  
The fact that a similar composition of major anions and cations are found in the 
Huseby drainage water and the Huggenes stream water indicates that the drainage water from 
the Huseby field is a representative source for the water in the Huggenes stream.  




in precipitation is assumed to be the same as found in 
seawater (0.86) due to the proximity to the sea (Appelo and Postma 2007). The ratio was in 
general lower in both the stream and drainage, indicating an enrichment of Cl
-
 compared with 
Na
+
. This may be due to the addition of fertilizers, though when the fertilizer OPTI-NK 23-0-
10, containing 9.1 % (weight-percentage) of Cl
-
, was added on the 25.04.10 this was not 
found to directly affect the concentration of Cl
-
 in the drainage water. The correlation between 
these ions was found to be much stronger in the Huggenes stream (R
2























 = 0.32) suggesting other important governing factors for these ions in the 
drainage water. 




in the drainage water (R
2
 = 0.35) 
and stream water (R
2
 = 0.25 after the removal on one outlier). This indicates that these 
nutrients may originate from several different sources. Both are added through fertilizers, but 
they are unevenly distributed between different types of fertilizers. Different factors also 
affect the uptake of the different ions. 




 in both the drainage water 
(0.95) and stream water (0.94). The relative amounts of Mg and Ca are similar, with Ca about 
3 times higher than Mg. This is similar to what is seen for the plant available cations in the 
soil (Figure 28, Figure 29, Figure 30 Figure 31). The strong correlations are due to the high 
amount of Ca and Mg present in the soil. The ions are also less mobile than Na
+
, so they are 
more in equilibrium with the soil. Even if small amounts are added through fertilizing, this is 
not likely to influence the relationship between the two ions.   
 
4.2.3 Flow-weighed mean concentration of tot-P in the Huggenes stream 
The three hydrological years 07/08, 08/09 and 09/10 were chosen. This is because the 
three years reflect different temperatures and hydrology, with 07/08 standing out as a warm 
and wet years. This makes it possible to compare teh phosphorus flux with different climate. 
The flow-weighted mean concentration of tot-P (µg/L) in the Huggenes stream was 
calculated using the equation given in appendix R.3. Comparing flow-weighted mean 
concentration with mean or median values, which are often used to describe the concentration 
found in a stream (Table 9), shows that both the mean and median concentrations are 
substantially lower than when flow is taken into account. The tot-P concentration show a 
decreasing trend over the study period, though the concentrations continue to greatly exceed 
the environmental goal for Western Vansjø, of 50 µg/L P, regardless of how it is calculated. 
The decrease is, as discussed in Skarbøvik et al. (2011), mainly due to variations in total 
runoff. It is likely also partly due to the effect of abatement actions. As discussed in 4.2.4 it is 
also postulated here that these yearly fluctuations may to a large extent be explained by 










Average tot-P (µg/l) Median tot-P (µg/l) Flow-weighted mean 
concentration tot-P (µg/l) 
07/08 184 82 304 
08/09 99 62 156 
09/10 91 93 128 
 
The results presented here are ~15-40 % higher than the flow-weighted mean 
concentrations reported Skarbøvik et al. (2011). This is due to different streams used as basis 
for the runoff-data. Bioforsk has used runoff from the Guthus stream since 06/07. The runoff 
data used in this study is based on the Skuterud stream. This is because the Guthus stream 
drains a lake, and the hydrological response will be buffered. In addition Guthus is dominated 
by forest (12 % agriculture and 80 % forest (Bechmann et al. 2006a) while Skuterud is more 
dominated of agriculture (61 %) (Bioforsk 2011b). 
The phosphoros measured as tot-P is to a large extent bound to particle matter, and 
will as such be governed by the particle loading in the river. The concentration of suspended 
solids (SS) is therefore an explanatory variable explaining much of the variation in tot-P.  
Table 10 gives the average, median and flow-weighted mean concentration (µg/L) of SS 
calculated for three hydrological years. The SS shows a similar decrease as tot-P in the three 
hydrological years measured. Also here, the flow-weighted mean concentrations calculated 
are about 20 – 40 % higher than those reported by Skarbøvik et al. (2011). 
 
Table 10: Average, mean and flow-weighted mean concentration of SS (µg/l) in the Huggenes stream 
water 
Hydrological year Average SS (µg/l) Median SS (µg/l) Flow-weighted mean 
concentration SS (µg/l) 
07/08 49 10 92 
08/09 20 8,4 42 
09/10 20 16 30 
 
4.2.4 Flux of total P to the lake from the Huggenes stream. 
Linear interpolation (section 3.6.6) was used to calculate the total load to the lake of 




are shown in Table 8. The data are normalized to reduce the significance of the variation of 
runoff for each specific year, according to the equation in appendix R.2. A normal year is 
based on average runoff from the Skuterud stream (1994-2004) of 532 mm (Skarbøvik et al. 
2011). The last column gives the estimated release of tot-P during the 36 days with the highest 
runoff (90
th
 percentile) for the respective hydrological years. Skarbøvik et al. (2011), reported 
similar values for tot-P loading as those shown in this table. 
 
Table 11: Total load of tot-P in the Huggenes stream in kg/year, kg/daa/year and normalized g/daa/year. 
Calculated P-release during the 10 % highest runoff. 
Hydrological 
year 






P-flux (%) during 10 
% highest runoff 
07/08 130 0,190 630 0,160 81 
08/09 57 0,082 450 0,096 75 
09/10 55 0,081 530 0,081 75 
 
Figure 46, Figure 48 and Figure 50 show the discharge for the Huggenes stream 
(based on Skuterud) and the estimated daily P-flux throughout the three studied hydrological 
years. Figure 45, Figure 47 and Figure 49 shows daily runoff, precipitation and temperature 
for the same hydrological years. Since the tot-P flux is estimated from runoff, the co-variation 
between the two will be strong. However, the figures show the extent of increase in tot-P flux 
with runoff. The figures are also useful to illustrate the estimated pattern of release with 
seasonal and hydrological variation. 
 The winter of 2007/2008 was especially warm with temperature almost constantly 
above freezing through the whole winter. The hydrological year 2007/2008 therefore 
experienced several runoff-episodes throughout the winter. Such winter discharge episodes 
are susceptible for enhanced erosion mainly due to freeze/thawing of the soil, poor soil water 
percolation capacity due to frozen soil and barren agricultural fields. This allows for elevated 
runoff of tot-P, and according to the estimated results, the average tot-P (Table 6) and tot-P- 
flux (Table 8) is approximately the double compared with the two following years. Figure 46 
shows a peak in the P-release in January 2008, while for the other hydrological years the peak 






Figure 45: Runoff (JOVA 2011), precipitation and temperature (Senorge.no 2011) for 07/08. 
 
 
Figure 46: Runoff (l/s) with estimated daily tot-P release (g/daa/day) for 07/08. 
 
In 08/09 the winter temperature remained below freezing for long periods of time 
(Figure 47). This allowed for stable hydrological conditions with little release of phosphorous 
during the winter.  In 08/09 the main peak of tot-P- release therefore occurred during the 







Figure 47: Runoff (JOVA 2011), precipitation and temperature (Senorge.no 2011) for 08/09. 
 
 
Figure 48: Runoff (l/s) with estimated daily tot-P release (g/daa/day) for 08/09. 
 
The winter of 2009/2010 was especially cold. Figure 49 shows that the winter 
temperature remained well below 0
o
C for a long period of time without episodes of warm 
weather with snowmelt. This is reflected in Figure 50, where there is practically no registered 





Figure 49: Runoff (JOVA 2011), precipitation and temperature (Senorge.no 2011) for 09/10. 
 
 
Figure 50: Runoff (L/s) with estimated daily tot-P flux (g/daa/day) for 09/10. 
 
The snowmelt in the beginning of April was accompanied with precipitation, causing a 
strong hydrological response. Flux estimations indicate that as much as 23 % of the tot-P-load 
for this year may have been released during an only four days (31.03.10 – 03.04.10). 
During 2009/2010 the P fractions in the Huggenes stream were analyzed both by the 
EUTROPIA project and by the MORSA monitoring program. There were no available data 




collected in the end of the snowmelt period on the 20.04.10 (Figure 57). The runoff on the 
20.04.10 was only 5.00 L/s, compared with the top which was measured on the 31.03.10 of 
276 L/s, and the composition is likely not representative for the composition during snowmelt. 
In this sample only 5 % of the tot-P is as PP, while DOM-P made up 49 % and RPF made up 
46 %. This is probably due to dilution of the water. The total concentration on this date was 
also low. 12 samples were collected in the beginning of the snowmelt episode in 2010 (runoff 
between 39 – 91 L/s) (Figure 55). In all of these samples, the PP is the dominating fraction 
and on average the PP constitutes 80 % of the tot-P in this period from the 25.03.10-27.03.10, 
while RPF only makes up 5 % of the total phosphorus. If assuming that these samples can be 
representative for the stream, this indicates that only a small fraction of the tot-P released 
during the snowmelt will be directly available for algae. 
 
4.2.5 Release from the Huseby field 
 
4.2.5.1 Tot-P flux from the Huseby field drainage pipes compared with Huggenes stream 
A Water Chemistry Export Load computation Tool (Endreny 2004) was used to 
estimate the total flux of tot-P based on runoff from the Huseby field through the drainage 
pipes for the period of surveillance 25.03.10 – 01.10.10. The total flux as found by linear 
interpolation as explained in method section 3.6.6 was used to estimate the total flux in the 
Huggenes stream in the same period (R
2
 = 0.29). The flow-weighted mean concentration for 
the Huggenes stream was also calculated to be 60 µg/L. 
 


















60  30,8 0,0075 810 0,042 
 
The drainage water- flux was estimated to 0.23 kg, or 0.00747 kg/daa. The tot-P- flux 
for the Huggenes stream in the same period was estimated at 33.7 kg, or 0.0416 kg/daa). This 




EUTROPIA-samples and the stream samples are Huggenes samples, as explained in section 
3.6.4, these data cannot be merged and are not directly comparable. The fact that the flux in 
the stream was estimated to be 5.6 times higher does however indicate that the flux/daa is 
higher in the stream than in the drainage. This is based on the finding that the tot-P for the 
Bioforsk-data were found to be higher approximately by a factor of 3.  
This may indicate that the Huseby field is not one of the major contributors to the 
stream. Reasons for the relatively low concentrations estimated to run through the Huseby 
drainage pipes and into the Huggenes stream may be related to abatement actions in the field, 
resulting in less phosphorous release. It has been shown that there may be less P- loss from 
ploughing in the spring rather than in the fall (Bechmann et al. 2011).  
In addition, there may be other hot-spots in the area around the Huggenes stream that 
contribute more phosphorous than the Huseby field.  
Surface runoff from the Huseby field is not taken into account in these calculations, 
but the erosion risk from the field is only classified as medium, and there is permanently crop 
remains as a buffer zone between the field and the stream to inhibit eroded particles and 
nutrients from reaching the stream.  
 
4.2.6 Role of suspended solids (SS) on the total phosphorus concentrations in the 
Huggenes stream 
Tot-P has a strong relationship with Suspended Solids (SS) in the stream water (R
2
 = 
0.9, appendix S). Skarbøvik et al. (2011) show the relationship between SS and tot-P for three 
other streams around Western Vansjø; Augerud, Guthus and Støa. The relationship between 
SS and tot-P found in Huggenes is higher than that found in Augerud and Guthus, which are 
more dominated by forest. The relationship in Huggenes is similar to that found in Støa, 
which is also a catchment dominated by agriculture. This illustrates that the amounts of tot-P 
in the particles are higher in these agricultural areas, than in the areas dominated by forest. 
This is also to be expected as the soils in the forests are more bound up by the roots of 
perennial plants and therefore not susceptible for erosion. The strong correlation between SS 
and tot-P and the large fraction particulate P constitutes of the tot-P in runoff from agricultural 
land demonstrates the importance of erosion and transport of particles for the flux of tot-P 
(Skarbøvik et al. 2011). Abatement efforts targeting a reduction in erosion will therefore 
reduce the amount of tot-P release. The bio-availability of this P bound to particles, however, 
needs to be studied further for a better understanding of the fate and effect of this dominating 




4.2.7 Role of Suspended Solids (SS) on the tot- P and PP concentrations in drainage 
water 
In drainage water from the Huseby field, the tot-P co-varied with the SS, but the 
correlation was much weaker (R
2
 = 0.35) than in the Huggenes stream (section 4.2.6). The 
poor correlation may be due to either that the amount of P on the particles varies, due to that 
they originate from different soil horizons, or that the contribution of particulate P to the tot-P 
varies. When the P is not so high compared with SS, this might indicate that the SS is from 
lower horizons where the amounts of P in the particles are lower. It may also indicate that the 
particles released are large, with less tot-P than the same equivalent of smaller particles. This 
may however be more important in surface runoff, as the particles in subsurface runoff are 
generally smaller.   
The poorer relationship between SS and tot-P in the drainage water may indicate that the PP 
fraction generally constitutes less of the tot-P in the drainage water than in the stream water. 
Figure 56 shows the distribution between P-fractions in the Huseby drainage water. The 
figure shows that, as commonly found in agricultural runoff, the particulate phosphorus is the 
most abundant fraction of the total phosphorus in the Huggenes drainage water, but also with 
some monthly variations.  
Figure 51 illustrates the varying relationship between SS and tot-P in the drainage 
water varies a lot from month to month.  
 
Figure 51: SS and tot-P in the drainage water from March to November for 2010 (March: 12 samples, 
April: 5 samples, May: 7 samples, June: 5 samples, August: 1 sample, September: 12 samples, October: 11 





In September, the amount of TP is large, but the SS is small. This may be due to the 
harvest releasing larger amounts of the DOP and RPF-fractions , as seen in Figure 54 and 
Figure 55. The low concentrations of TP in November can be due to frozen soil. The fact that 
SS is highest during early spring, indicates that freeze-thaw episodes are important for the SS- 
transport through the drainage pipes. 
 
4.2.8 Phosphorus and its different fractions with runoff 
 
4.2.8.1 The lysimeter soil water P-fractions 
The distribution between the DOM-P and dissolved phosphate (RPF) in the soil water 
from the Stagnosol soil is shown in Figure 52 (sampled 22.11.10). The samples are from the 
Ap (0-30 cm), Bc (50-70 cm) and C horizon (70-100 cm). The amount of RPF in the soil water 
ranged from 0.7 µg/L in the C-horizon to 2.3 µg/L in the Ap-horizon. The DOM-P in these 
soil water samples were higher than RPF and ranged from 6.4 µg/L to 13.5 µg/L.  
 
 
Figure 52: DOM-P and RPF in the soil water from the Stagnosol soil. 
 
The high amount of DOM-P indicates macropore flow through the Bc and C-horizon from the 





4.2.8.2 Seasonal variation in P-fractions in drainage water 
The drainage water samples and the runoff-monitoring are from the snow free period 
25.03.10 – 03.11.10. Figure 53 shows the runoff passing through the Huseby drainage outlet. 
Comparing this runoff to the hydrograph in Figure 49, the spring snowmelt episode in 
beginning of April is recognized along with a series of fall rainfall storms. During the 
summer, there is practically no runoff and no TP- release.  
.  
 
Figure 53: Runoff through the Huseby drainage outlet (L/s), and TP. 
 
The free- (RPF), organically bound- (DNOM-P) and particulate-phosphate in the water 







Figure 54: The figure shows all the available samples for PP, DOM-P and RPF for the drainage water.  
 
The RPF is almost negligible in March, April and May, but make up a significant part 
of the total phosphorus in August-November (see also Figure 56). Low RPF concentrations 
from March-May can be due to the growth-season causing practically all RPF to be 
assimilated. The higher concentrations from August-November may be due to water 
saturation in the soil. Reducing conditions may occur with release of RPF bound to Fe (III). 
Also the release from plant remains, and lack of uptake by plants may play a role in the fall. 
Harrowing and fertilizing (without P) on the 25.04.10 does not appear to have had any direct 
effect on the P-release through the drainage pipes (Figure 54).  
There is little DOM-P in the spring, while in the fall DOM-P makes up a larger 
fraction of the tot-P. This may as for RPF, be due to the breakdown of the plant remains and 
roots from the crops.  
Harvesting was reported to have been conducted around the beginning of September. 
On the 30.08.10 both the tot-P and especially the RPF -concentrations were measured to be 
especially large (tot-P = 143 µg/L) and RPF was 98 µg/L. On the next measurement, collected 
only a few days later, the concentrations had declined though RPF remained relatively high 
throughout the fall. It is possible that the large release on the 30
th
 was due to processes caused 
by harvest. Dead crop plants contain high levels of P which after the harvest are not 




Figure 55 shows the flux of total P through the drainage pipes, for the period with data 
available. As was discussed previously (section 4.2.4), the samples from March taken during 
the ascending of snowmelt, show a distribution of PP (80 %), DOM-P (15 %) and RPF (5 %). 
The peak of snowmelt was on the 31.03.10 with a runoff of 276 L/s.  
 
Figure 55: The transport through the Huggenes drainage pipes. The stream water P-fractions -seasonal 
variation. 
  
Figure 56 shows the monthly distribution of P in the drainage water. May, August and 
September contain less PP than the other months. During May and August, the reason for this 
is likely the low runoff. The runoff was not monitored for the September samples. The months 






Figure 56: The monthly distribution between P-fractions in the Huseby drainage water. (Based on; May: 
12 samples, April: 5 samples, May: 1 sample, August: 9 samples, September: 5 samples, October: 11 
samples and November: 8 samples. 
 
Available data on concentrations of phosphorous fractions in the Huggenes stream are 
presented in Figure 57, respectively. There is a dominance of DOM-P and RPF, and a very 
low concentration of PP in the spring sample (20.04.10). This sample is collected at the end of 
the snowmelt before tilling (harrowing, sowing and fertilizing) of the soil on the Huseby field 
(25.04.10). Water draining the Huseby field, collected on the same day as the stream sample 
(Appendix K, value from 20.04.10), was dominated by PP (78 %). This illustrates that the 
composition of the P-fractions in the stream can be influenced by other sources of P, perhaps 
from soil amendments on other fields or by re-suspension of sediments. The distribution 
pattern between stream and drainage water is similar in November, with about 60 % PP, 20 % 







Figure 57: Phosphorus fractions in the Huggenes stream, based on 4 samples. 
 
Figure 58 shows the stacked concentrations of tot-P excluding PO4-P and the 
concentration of PO4-P in the Huggenes stream, along with runoff intensity and levels of SS. 
The runoff corresponding with the August and September- samples was quite high, 56 L/s and 
94 L/s respectively. This indicates that there may be elevated concentrations of PO4-P in the 
fall due to reducing conditions releasing PO4-P, or due to PO4-P released from plant remains.  
 
 
Figure 58: Concentrations of tot-P excluding PO4-P and PO4-P in the stream water samples (µg/L), with 





















































4.2.9 Fate of particle bound P 
Eroded particles in a stream or lake might sorb or release phosphorus. This depends 
on the equilibrium between the amount of phosphorus in the water and the amount of P on the 
particles, as well as the particles capacity to sorb phosphorus. When the ortho-phosphate 
concentration in the water body decreases (from biological activity or water dilution), the 
equilibrium will cause phosphorous adsorbed to the suspended particles to be desorbed. This 
will lead to a release of RPF from suspended particles to regain equilibrium (Krogstad and 
Løvstad 1988). Krogstad and Løvstad (1991) found that 20-70 % of the tot-P from cultivated 
soil is potentially available for algae. In uncultivated subsoil > 50 % was found to be 
potentially available. If particles with low content of adsorbed P, such as eroded soils from 
forested sites, are mixed with water containing high concentration of phosphate then the 
particles may instead act as scavenger and adsorb P from the water body (Boström et al. 
1988) 
4.2.10 Statistical analysis on water samples  
 
4.2.10.1 Principal Component Analysis (PCA) of the drainage water  
A PCA was performed on the parameters: H
+
















), Particulate Phosphorus (PP), Total Phosphorus (TP), 
Reactive Phosphorus raw (RP (raw)), filtered Reactive phosphorus (RPF), phosphorus bound 
to dissolved organic matter (DOM-P), Suspended solids (SS) and runoff (mm). The runoff 
was in mm, due to unavailable data for l/s at the time of analysis. Component loadings and a 
correlation matrix of the same variables are in appendix Q.  
There were no cases with valid data on all variables above. For this reason, a PCA 
with pair-wise exclusion of missing values was performed. Before more samples are analysed 
in the ongoing EUTROPIA project, this analysis can give a preliminary impression of the 
data. The results should be interpreted with caution, since the correlations in the matrix are 
based on different subsets of the data. 
Principal Component 1 (PC1) explained 51.5 % of the variance and Principal 
Component 2 (PC2) explained 14.6 % of the variance. Ca, Mg, Alkalinity, Na, Conductivity, 
and SO4 loaded negatively on PC1, whereas K, H+, UV400, SS, NO3, Runoff, and to some 




0.70, but the P fractions DOM-P, RP(F), and RP raw, along with Cl and SS loaded on PC2 in 
the range 0.47 to 0.64. Although these were not strong loadings, the possible underlying 
variable represented by PC2 would explain approximately 25-40 % of the variance in these 
variables. However, PC2 was not identified. 
 
               Figure 59: PCA loading plot 
 
Runoff did not have the strongest loading, but may still be the governing factor of 
PC1. The variables clustered around runoff reflect the upper layer of the soil. With increased 
runoff, more water can discharge directly into the drainage from the top soil Ap horizon 
through sub-lateral flow, thereby bypassing the neutralization in deeper soil layers. The soil 
water in this horizon will have a higher concentration of TP, PP and organic matter. Higher 
pH and concentration of base cations in the drainage water may on the other side indicate that 
the water has been in contact with the subsoil where the pH of the soil and soil water is 
higher. This will most likely happen when the runoff is low and mainly fed through 





, are higher in the subsoil, contributing to the higher pH and 
alkalinity there. The base cations, except for K
+






 except for 
NO3
-








 are higher in the top soil, and associated with low pH and influenced by fertilizing.  
RPF had no correlations above 0.5 and did not load strongly on either of the two 
principal components. DOM-P and RPF showed no co-variation with the runoff. Runoff does 
therefore not seem to affect the concentration of these important P fractions in the drainage 
water, and it is generally difficult to predict these parameters. 
 
5 Conclusions 
Even with no fertilizing in the Huseby field since 2007, the amount of total 
phosphorus still made up between 0.12-0.21 w/w percent of the soil mass in the Ap-horizon, 
which is high even for agricultural soil. This is likely due to over-fertilizing for decades, and 
due to the high sorption capacity in the organic Ap-layers. The Stagnosol soil closer to the 
stream had the highest content of P, probably because it is located in the discharge zone 
down-slope from the Cambisol, and due to good sorption capacity in the more silty-
clay/clayey-loam with higher content of organic matter. The amount of plant available P in 
the Ap-horizon was found to be between 80- 100 mg/ kg, but these values should be 
interpreted with caution since they deviate from the results obtained at an external laboratory. 
The water soluble P in the Ap-horizon was found to be very low (1 – 2 mg/kg).  
            In the Ap-horizon, Fe and Al together constitute ~ 50 % of the plant available cations 
in the Cambisol, and 60% of the plant available cations in the Stagnosol. The remaining 
cations were mainly Ca. In the subsoil, the Fe and Al made up less than 20 % of the cations, 
Ca about 60 %, and Mg less than 20 %.  
Calculations of Phosphorus Saturation Degree (PSD %) indicated that the top soil was 
saturated with P and the subsoil around the drainage pipes was close to the critical limit of 
PSD (≥ 25 %). This indicates that P may be released from these soils. Particles released into 
the stream from the top soil and the subsoil, surrounding the drainage pipes, may be at risk of 
releasing P into the water.  
A Principal Component Analysis (PCA) on the soil chemistry reflected mainly the co-
variation of the parameters through the genetic soil horizons. The soil P-pools were clustered 
together with Fe, Al and K (oxalate and PAL) and organic matter on the first principal 
component. None of the P fractions loaded on PC2. 
Flow-weighted mean concentrations in the Huggenes stream were generally 
significantly higher than the mean and median concentrations due to increased concentrations 




from the years 07/08, 08/09 to 09/10. The flow-weighted mean concentration in 09/10 was 
estimated to 128 µg/L, which still greatly exceed the environmental goal for streams draining 
into Western Vansjø of 50 µg P/L. In the same period, there was also a decrease in SS (µg/L). 
The levels of SS and tot-P in the Huggenes stream showed a strong linear relationship (R
2
 = 
0.9), indicating that erosion and transport of particles is important for the flux of total 
phosphorus.  
According to estimations based on a linear regression of P flux on runoff, 75-81 % of 
the phosphorus is released during the 36 days with highest runoff (above the 90th percentile). 
The hydrological year 07/08, which included frequent and prolonged periods above freezing 
temperatures during the winter, had a much higher P release than the two other years. The 
following two years had lower and more stable freezing conditions during the winter, likely 
inhibiting some P-release during these periods. In the years 08/09 and 09/10 the peaks of P-
release were during snowmelt. 
           The drainage pipe was found to be an important pathway for P leaching into the 
stream. The presence of macropore flow through the soil profile was indicated by the high 
soil water pH in the Ap-horizons, suggesting a none-equilibrium with the soil, and the 
dominance of DOM-P in the soil water in the sub- soil. The presence of macropores is also 
directly seen in pictures of undisturbed soil samples taken from the soil down to 84 cm depth. 
The relatively low total phosphorus flux measured in the drainage water, compared to levels 
measured in the Huggenes stream, suggests that this particular field is not a large contributor 
of total phosphorus lake Vansjø. 
The drainage water showed large daily and monthly variation in P-concentrations and 
fractionation, with tot-P concentrations exceeding the environmental goal of 50 µg/L mainly 
in October. PP was the dominating fraction in the drainage water, except for samples 
collected in May and September. During snowmelt in March, the total P consisted of 80 % 
PP, 15 % phosphorus bound to dissolved organic matter (DOM-P) and 5 % filtered reactive 
phosphorus (RPF). During the fall, the RPF made up a larger fraction of the total P (between 
15 and 50 % of tot-P). 
The PCA-analysis of the drainage water from the Huseby field showed that runoff 
intensity could be important in governing the release of P fractions. In contrast to the other P-
fractions, free phosphate (RPF) and organic bound P (DOM-P) did not load on the first 
principal component. These two fractions had higher, but not strong, loadings on PC2. The 
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Appendix A. Field info (personal comm. Leiv Utne 2011) 
     The first year without P-fertiling was in 2008.  
The field is drained with plastic tubes in the 1980s, with 2 tons-tubes. They join into 
a 3 ton-tube that leads to the outlet to the stream. 
     Tilling of the soil:  
In 2009, there were potatoes on the upper 2/3s of the field (closer to the road). This 
was plowed in the fall. The 1/3 of the field near the stream was covered in grain. In 
this part of the field, the remains were left through the winter, as this is considered 
best for grain (when thinking about risk of runoff).  
     Spring 2010, The field was harrowed (to better the structure and to break up 
lumps of soil), directly on the remains in the soil.  This was followed by sowing of 
22 kg of springwheat (type: BJARNE), on the 25.04.10. The fertilization used was 
56 kg of 2509 (now called 23010), where there is 25 % N, 9 % K, and 0 % P.   
Fertilization was also conducted on the 15.06.10 with 20 kg 2700.  
     The  2010 harvest was approximately 01.09.10. 
Appendix B. Soil samples from the Cambisol (H2) and the Stagnosol (H1) 
showing serial number and horizon. 
Table A-1: samples showing serial number and horizon 
Serial No. Location Horizon 
Cambisol 
ES018 H2 Ap (0-10cm) 
ES019 H2 Ap (10-20 cm) 
ES020 H2 Ap (20-30 cm) 
ES021 H2 BCg1 (30-40cm) 
ES022 H2 BCg1 (40-50cm) 
ES023 H2 BCg1 (50-60cm) 
ES024 H2 BCg1 (60-70cm) 
ES025 H2 BCg1/BCg2 (70-80 
cm) 
ES026 H2 BCg2 (80-90 cm) 
ES027 H2 C (2 m) 
Stagnosol 
ES028 H1 Ap1 (0-10 cm) 
ES029 H1 Ap2 (10-20 cm) 
ES030 H1 Ap3 (20-30 cm) 
ES031 H1 Bg (30-40 cm) 
ES032 H1 Bg/BCg (40-50 cm) 
ES033 H1 BCg (50-60 cm) 
ES034 H1 BCg (60-70 cm) 
ES035 H1 C (70-80 cm) 
ES036 H1 C (80-90 cm) 
ES037 H1 C (90-100 cm) 





Appendix C. Results of pH, dry matter (%) and  ignition loss (%) of soil 
samples 
C1. Method 
C.1.1 pH of soil samples 
Samples were shaken for 5 minutes with a shaker at 100 times back and forth per 
minute. After two hours the samples were re-shaken and the pH was measured in the 
supernatant after the coarse particles had settled.  
C.1.2 Dry Matter (%) and ignition loss (%) of soil samples 
The dry matter of the air dried sample was found gravimetrically by determining the 
weight ratio loss by drying the air dried sample at 105
o
C (A.1). The containers with 
samples were transferred to an furnace oven and burned at 550
o
C to remove organic 
matter from the sample. After cooling the samples were weighed again. The sample 
was now assumed to contain only inorganic matter and the organic matter could be 
determined by difference according to equation A.2.  
 
      (A.1) 
      (A.2) 
 
 = weight of diegel 
= weight of air dried sample before drying at 105
o
C 
 = weight of diegel and sample after drying at 105
o
C 














C. 2 Results for pH, dry matter and ignition loss of soil samples 
 
Table A-2: pH, % Dry Matter and % Igition Loss of soil samples and resuls 
from Eurofins Norsk Matanalyse AS (Eurofins: Uncertainty ± 0.2 and the soil 
is mixed with H2O) 
Serial no. pH  
Dry Matter 






ES018 5,36 98,3 6,66   
ES019 5,53 98,4 6,57 5,7 6,3 
ES020 5,61 98,6 5,00   
ES021 5,32 99,1 1,64   
ES022 5,68 99,2 1,22   
ES023 6,05 99,3 1,07 6,3 0,83 
ES024 6,12 99,4 0,828   
ES025 6,12 99,2 0,927   
ES026 6,17 99,4 0,856 6,5 0,61 
ES027 6,00 99,7 0,794 6,3 0,60 
ES028 5,40 97,7 10,5 5,8 9,8 
ES029 5,64 97,4 10,7 6,0 10 
ES030 5,52 97,4 10,3 5,8 10 
ES031 5,21 98,0 4,10 5,5 3,9 
ES032 5,80 98,5 2,08   
ES033 6,21 98,7 2,01 6,5 1,6 
ES034 6,57 98,8 1,58   
ES035 6,64 98,9 1,29   
ES036 6,71 99,1 1,08   
ES037 6,57 99,2 1,31 6,8 1,1 
ES038 5,65 99,6 1,07   
 
C.3 Quality control of pH by comparing results with results obtained by 
Eurofins Norsk Matanalyse AS. 
 
Figure A.1: Comparing results obtained for pH at UiO with results obtained by 




Quality control of ignition loss (%) by comparing results with results obtained 
by Eurofins Norsk Matanalyse AS 
 
Figure A.2: Comparing results obtained for ignition loss (%) at UiO (Personal 
obtained in the figure) with results obtained by Eurofins Norsk Matanalyse AS 
(Laboratory 1 in the figure). 
 
Appendix D. Tot-C and tot-N 
D.1: Method 
Ten soil samples were selected to represent each horizon and variations within 
horizon in both soil locations in the site. Homogenization through 1 mm 
sieve(Micronizing mill at the Department of Geosciences, Standard Operating 
Procedure for Micronizing Mill). Analyses by UMB. 
Tot-C: Dry combustion based on Allison, described by Nelson and Sommers (1982). 
Soil samples (approx. 200 mg) were weighed into tin foil and analyzed on an Leco 
CHN 1000 instrument. The sample was heated to 1050
o
C, causing a complete 
combustion of carbon to CO2. The amount of CO2 is measured photometrically by 
adsorption in the infra red (IR) light range. 
Determination of tot-N (Bremmer and Mulvaney 1982) by Dumas method on the 
Leco CHN 1000 instrument. The NOx- compounds are catalytically reduced to N2 








D.2: Results TC and TN 
Table A-3: TC (%) and TN (%) of soil samples 
Serial  no. TC 
(%)  
TN(%)  
ES019 3.53 0.216 
ES023 0.119 0.0099
3 ES026 0.0696 0.0099
ES027 0.169 0.0100 
ES028 5.39 0.371 
ES029 5.22 0.360 
ES030 5.26 0.360 
ES031 1.02 0.078 
ES033 0.276 0.0197 
ES037 0.238 0.0198 
 
Appendix E. ICP-OES details 
     Instrument: Varian Vista AX CCD simultaneous axial view ICP-OES, Varian 
Ltd 
     Settings: 
RP power: 1.00 kW 
Plasma argon flow: 15.0 l/min 
Auxiliary argon flow: 1.50 l/min 
Nebulizer argon flow: 0.75 l/min 
Replicate time: 1.000 s 
Stab time: 15 s 
Sample uptake: 30 s  
Rinse time: 10 s 
Pump rate: 15 rpm 
Replicates: 3 
 
The standard calibration method was used, with matrix matching of the standars. For 










Appendix F. Results for analysis of Organic and Inorganic phosphorus on soil 
samples 
F.1 Concentration Analysis Report for Organic and Inorganic Phosphorus. 
Report time                    03.12.2010 14:45:56                                                               
Application                    Concentration 3.00(182)                                                           
Operator                       Kaja Opland                                                                       
 
Instrument Settings 
Instrument                     Cary 300                                                                          
Instrument version no.         9,00                                                                              
Wavelength (nm)                888,00                                                                            
Ordinate Mode                  Abs                                                                               
SBW (nm)                       1,5                                                                               
Ave Time (sec)                 0,100                                                                             
Beam mode                      Double auto select                                                                
Beam interchange               Normal                                                                            
Replicates                     1                                                                                 
Standard/Sample averaging      OFF                                                                               
Weight and volume corrections  OFF                                                                               
Fit type                       Linear                                                                            
Min R²                         0,95000                                                                           
Concentration units            mg/L                                                                              
 
Calibration eqn                Abs = 0,22398*Conc -0,01186                                                       
Correlation Coefficient        0,99897                                                                           
    Calibration for samples that were diluted 
Calibration eqn                Abs = 0,21789*Conc -0,01010                                                       
Correlation Coefficient        0,99242                                                                           
 
F.2. Concentration Analysis Report testing influence of H2SO4 on P-
concentrations 
 
Report time                      18.02.2011 12:33:26                                                                                                                                                                           
Application                      Concentration 3.00(182)                                                             
Operator                         Kaja Opland                                                                         
 
Instrument Settings 
Instrument                       Cary 300                                                                            
Instrument version no.           9,00                                                                                
Wavelength (nm)                  889,00                                                                              
Ordinate Mode                    Abs                                                                                 
SBW (nm)                         1,5                                                                                 
Ave Time (sec)                   0,100                                                                               
Beam mode                        Double auto select                                                                  
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Beam interchange                 Normal                                                                              
Replicates                       1                                                                                   
Standard/Sample averaging        OFF                                                                                 
Weight and volume corrections    OFF                                                                                 
Fit type                         Linear                                                                              
Min R²                           0,95000                                                                             
Concentration units              mg/L                                                                                
 
Calibration eqn                Abs = 0,22620*Conc -0,00715                                                       
Correlation Coefficient        0,99989                                                                           
                                                              
One standard curve with standards containing H2SO4 was run, followed by another 
set of samples with the same composition and concentrations as the standards but 
not containing H2SO4. 
 
Figure A.3: Testing for prospective influence of H2SO4 on phosphate. 
The result showed no significant difference between the two. The correlation 













F.3 Results for Organic, Inorganic and Total phosphorus 
Table A-4: Results for Total P, Organic P and Inorganic P in mg/kg 
 
Serial  no. TP (mg/kg) Inorg.P (mg/kg) Org.P (mg/kg) 
ES018 1180 750 432 
ES019 1140 785 353 
ES020 934 715 218 
ES021 365 296 69.4 
ES022 481 464 16.9 
ES023 531 529 2.44 
ES024 725 581 145 
ES025 623 626 -3.44 
ES026 673 766 -93.0 
ES027 798 678 120 
ES028 1190 1080 915 
ES029 2070 1140 929 
ES030 2030 987 1040 
ES031 397 289 109 
ES032 475 399 76.9 
ES033 531 525 6.35 
ES034 689 540 150 
ES035 626 604 21.5 
ES036 794 646 149 
ES037 685 701 0 
ES038 816 807 8.48 
 
 
Appendix G. Results for ammonium-lactate extractable (plant available) P, Ca, Mg, 
Na, K, Fe, Al and Mn.  
 
G.1 Concentration Analysis Report with calibration curve for plant available P 
found by molybdate blue method on spectrophotometer. 
 
Report time                      01.02.2011 12:47:38                                                                 
Application                      Concentration 3.00(182)                                                             
Operator                         Kaja Opland                                                                         
 
Instrument Settings 
Instrument                       Cary 300                                                                            
Instrument version no.           9,00                                                                                
Wavelength (nm)                  891,50                                                                              
Ordinate Mode                    Abs                                                                                 
SBW (nm)                         1,5                                                                                 
Ave Time (sec)                   0,100                                                                               
Beam mode                        Double auto select                                                                  
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Beam interchange                 Normal                                                                              
Replicates                       1                                                                                   
Standard/Sample averaging        OFF                                                                                 
Weight and volume corrections    OFF                                                                                 
Fit type                         Linear                                                                              
Min R²                           0,95000                                                                             
Concentration units              mg/L                                                                                
 
Calibration eqn                Abs = 0,23428*Conc -0,00811                                                       
Correlation Coefficient        0,99995                                                                           
 
 
G.2 Plant available phosphorus and cations found by ICP-OES. 
 
A calibration check was performed, where multi solutions of 1 ppm and 4 ppm 
containing all the elements of interest, was made by diluting a standard solution of 50 
µg/L (Spectrascan) to the abovementioned concentrations. All samples were within 10 % 
of these check solutions. The exception is Na which was constantly 30-40 % higher in the 
1 mg/L-solution, but within 10 % in the 4 mg/L-solution for unknown reasons. A mixed 
standard solution was prepared containing 100 mg/L Na, K, Mg, Ca, Fe, Al and Mn from 
1000 mg /L single-element solutions (Spectrascan) 
Figure A.7-A.14 shows the first calibration curves that was drawn for the different 
elements during the analyses. A new calibration curve was drawn for every 13 samples to 
correct for possible drift in the instrument. For all samples, the average of 3 instrument 
replicates was used, where the RSD < 7 %. 
Linear calibration curve phosphate: R
2
 = 0.9998 Wavelength used was 213.618. Average 















G.2.1 Results for plant available phosphorus found by spectroscopy and ICP-OES 
 
Table A-5: Phosphorus found by spectroscopy and ICP-OES in mg/100 g for soil 
samples 
Serial no. 
P (mg/100 g) 
spectroscopy 
P (mg/100 g) ICP-
OES 
ES018 7,82 8,52 
ES019 7,19 7,91 
ES020 5,14 5,73 
ES021 0,228 0,361 
ES022 0,403 0,291 
ES023 0,735 0,694 
ES024 1,25 1,06 
ES025 1,13 1,02 
ES026 1,17 1,06 
ES027 1,66 1,55 
ES028 8,74 10,0 
ES029 8,94 9,99 
ES030 8,60 9,89 
ES031 0,241 0,290 
ES032 0,497 0,421 
ES033 0,818 0,733 
ES034 1,10 0,985 
ES035 1,39 1,31 
ES036 1,54 1,43 
ES037 2,13 1,94 
ES038 1,93 1,77 
 
Reference samples of 1 ppm and 4 ppm were determined after each time the standard 
curve was drawn. Average reference recovery was found to be 104.8.  
LOD was found by running a sample containing 0 mg/l P 10 times. The standard 
deviation was used to find the LOD. LOD = 3 × STDEV. 
 
G.2.2  Plant available Al, Ca, K, Mg, Mn, Na and Fe 
For all samples, the average of 3 instrument replicates was used, where the RSD was 
commonly < 1-2 %. Figures A8 –A14 show the first calibration curves for the cations.  
     Linear calibration curve aluminium:R
2
 = 0,9999. Wavelength used was 396.152. 
Average reference recovery was 103,7 and LOD was 0,06191. RSD < 2 %. 
      Quadratic calibration curve calsium: R
2
 = 0,9994 . Wavelength used was 393.366. 
Average reference recovery was 97,17and LOD was 0,2607. RSD < 2 %. 
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       Linear calibration curve iron: R
2
 = 0,9988. Wavelength used was 238.204.  Average 
reference recovery was 103,7 and LOD was 0,06685. RSD < 2 %.       
     Quadratic calibration curve potassium:R
2
 = 0,9999. Wavelength used was 766.491.  
Average reference recovery was 106,4299 and LOD was 0,078765. RSD < 2 %. 
       Quadratic calibration curve magnesium R
2
 = 0,9999. Wavelength used was 280.270.  
Average reference recovery was 100,0786 and LOD was 0,093525. RSD < 2 %.   
      Linear calibration curve manganese: R
2
 = 0,9991. Wavelength used was 257.610. 
Average reference recovery was 102,6789 and LOD was 0,063368. RSD < 2 %. 
     Quadratic calibration curve sodium: R
2 
= 0.9997. Wavelength used was 588.990.  
Average reference recovery was  99,40288 and LOD was 0,08813. RSD < 2 %. 
 
Table A-6: Amounts of Al, Ca, K, Mg, Mn, Na and Fe in soil samples extracted with 
























ES018 46,3 70,4 25,2 12,9 5,21 0,271 1,80 
ES019 42,2 65,7 22,3 13,6 4,94 0,208 1,29 
ES020 36,4 56,6 20,9 12,4 4,52 0,094 0,837 
ES021 14,0 57,9 7,74 9,90 7,85 0,004 0,977 
ES022 7,19 67,4 4,74 7,28 9,86 0,124 0,874 
ES023 5,56 65,6 5,69 5,90 9,91 0,369 1,40 
ES024 4,08 62,4 4,87 5,08 10,6 0,134 1,13 
ES025 4,38 64,6 4,37 5,85 10,8 0,378 2,18 
ES026 3,86 51,7 4,20 4,51 10,8 0,472 1,73 
ES027 4,30 32,5 10,0 5,47 10,7 0,062 1,52 
ES028 58,7 145 43,9 27,8 11,6 0,987 1,75 
ES029 54,0 140 38,4 22,4 10,8 0,601 1,07 
ES030 68,2 130 50,7 21,3 12,1 0,456 1,61 
ES031 23,6 76,2 24,3 13,2 15,6 0,094 1,32 
ES032 14,8 108 10,2 12,3 24,3 0,593 1,47 
ES033 9,79 108 6,29 10,1 27,7 0,347 1,60 
ES034 7,52 98,3 5,39 9,66 28,1 0,527 1,55 
ES035 5,94 75,6 3,55 7,97 23,4 0,578 1,14 
ES036 5,22 73,0 4,58 7,52 21,9 0,653 1,35 
ES037 6,50 68,4 6,60 7,67 20,9 0,511 0,826 











G.3 Quality check fo results with an authorized laboratory 
 
Table A-10 shows the results obtained on 10 samples by Eurofins Norsk Matanalyse AS, 
represented as external laboratory in the figures. Uncertainty were listed as being ± 20 % 
for the cations and P measured by the AL-method by Eurofins. 
 




Ca K Mg Na P 
ES019 84 12 4,9 <5 24 
ES023 83 5,6 11 <5 3 
ES026 71 4 12 <5 5,6 
ES027 53 5,2 12 <5 8,1 
ES028 150 25 11 <5 27 
ES029 160 22 12 <5 29 
ES030 140 20 12 <5 25 
ES031 110 16 22 <5 2 
ES033 160 13 41 <5 2,2 
ES037 90 8,3 25 <5 9 
 
Figures A.4 – A.6 show the consistency between the results obtained at UiO, compared 
with results found by Eurofins Norsk Matanalyse AS for Ca, Mg and K.  
 
 
Figure A.4: Results obtained at UiO compared with results by Eurofins. 
 
 





Figure A.6: Results obtained at UiO compared with results by Eurofins. 
 
The same consistency is seen between P (UiO) and analysis by the external laboratory, 
only with the external laboratory having 2.5-3 times higher results than at UiO for the 
Ap-horizon, and 2.7 – 5.4 times higher in the lower horizons, where the ratio likely 
fluctuate more due to lower concentrations (figure A.7) 
 
 
Figure A.7: Results for P obtained at UiO compared with results from the external 
laboratory, Eurofins. 
 
To exclude possible personal  systematic calculation errors or errors in the analysis, a 
second chemist analyzed phosphorus in the extraction solution. This does not rule out the 
possibility of an error in making the solution.  
There was a very good correlation between personal results and results obtained by the 
second chemist, which makes calculation or analysis- errors unlikely. The correlation 
between personal results and results by the second chemist for phosphorus in the AL-





Figure A.8: Comparing P-analysis in the extract of 4 samples performed by a second 
chemist, with personal results.   
 
In the analysis by the second chemist, two different control solutions from Spectrascan 
were analyzed to check for deviations from stated concentration in the solution used in 
making standards. Control solutions of 5 and 1 ppm were made for both solutions (results 
in table A.8). Because the solution used to make the standards is 1000 mg/l K2HPO4  in 
H2O, the concentrations are based on phosphate. For this reason, the control solutions 





Table A-8:  
Analyzed 
parameter 
Spectra 2011  
5 mg/l P 
Spectra 2011  
1 mg/l P 
Spectra 2006 
5 mg/l P 




15,5 3,31 15,9 3,31 
 P (mg/l) 5,08 1,08 5,19 1,08 
 
 
Appendix H. Results for water soluble phosphorus 
 
Approximately 2 g of soil was weighed out and mixed with 40 ml 0.0025 M CaCl2-
solution. This was shaken 90 minutes at 100 times back and forth. After filtration (type 
Whatman 1825-047, 47 mm) the solutions were diluted twice before analysis. Standard 
solutions were made in the range of 0 mg/L – 0,25 mg/L. 
Three blank test solutions were included from the beginning of the extraction.. The 
phosphorus standard solutions were made from the 1000 mg/L K2HPO4, explained in 
section 3.3.4.   
 
 
H.1. Concentration Analysis Report soluble P 
Report time                      15.12.2010 14:30:45                                                                 
Application                      Concentration 3.00(182)                                                             





Instrument                       Cary 300                                                                            
Instrument version no.           9,00                                                                                
Wavelength (nm)                  895,50                                                                              
Ordinate Mode                    Abs                                                                                 
SBW (nm)                         1,5                                                                                 
Ave Time (sec)                   0,100                                                                               
Beam mode                        Double auto select                                                                  
Beam interchange                 Normal                                                                              
Replicates                       1                                                                                   
Standard/Sample averaging        OFF                                                                                 
Weight and volume corrections    OFF                                                                                 
Fit type                         Linear                                                                              
Min R²                           0,95000                                                                             
Concentration units              mg/L                                                                                
 
Calibration 
Abs = 0,2026*Conc + 0,0016 
R² = 0,9986  
 


















ES018 0,566 0,420 0,493 0,161 
ES019 0,455 0,656 0,556 0,182 
ES020 0,262 0,377 0,319 0,104 
ES021 -0,0199 0,00786 -0,00604 -0,00197 
ES022 -0,0314 0,0238 -0,00380 -0,00124 
ES023 0,0663 -0,0178 0,0242 0,00792 
ES024 0,00393 0,0196 0,0118 0,00384 
ES025 0,0408 -0,0139 0,0135 0,00440 
ES026 0,0136 0,00584 0,0097 0,00318 
ES027 -0,0330 -0,0468 -0,0399 -0,0131 
ES028 0,574 0,627 0,601 0,196 
ES029 0,599 0,564 0,582 0,190 
ES030 0,360 0,505 0,432 0,141 
ES031 0,108 -0,0319 0,0381 0,0124 
ES032 0,0763 0,0489 0,0626 0,0205 
ES033 -0,0611 0,00396 -0,0286 -0,0093 
ES034 0,164 0,122 0,143 0,0466 
ES035 -0,0636 -0,0704 -0,0670 -0,0219 
ES036 0,0306 0,00793 0,0193 0,00630 
ES037 0,0666 -0,0198 0,0234 0,00765 




Figure A.9 shows the consistency between parallells during analysis. 
 
Figure A.9: Comparing results obtained by two different parallells in the analysis, using 
ES018-ES020 and ES028-ES030.  
 
Appendix I. Results for acid-oxalate extractable P, Al, Ca, K, Mg, Mn, Na and Fe.  
 
I.1. Acid-oxalate extractable phosphorus. 
Calibration curve for acid-oxalate extractable phosphorus: R
2
 = 0,9999.  Average 
reference recovery was 105,6 and LOD was 0,1721. Wavelength used was 213.618. RSD 
< 4 %. 
I.2. Acid-oxalate extractable Al, Ca, Fe, K, Mg, Mn and Na 
 
Figures A.23 – A29 show the first calibration curves drawn for Al, Ca, Fe, K, Mg, Mn 
and Na. A new calibration curve was drawn for every 10-15 samples to correct for 
possible drift in the instrument. For all samples, the average of 3 instrument replicates 
was used. The reference samples were checked after each new calibration curve drawn. 
     Linear calibration curve aluminium: R
2
 = 0,9999.Wavelength used was 396.152. 
Average reference recovery was 102,2 and LOD was 0,052281. RSD< 2.03 % . 
     Linear calibration curve calsium: R
2
= 0,99.Wavelength used was 393.366. Average 
reference recovery was 97,53 and LOD was 0,04801. RSD < 4.5 
     Linear calibration curve iron: R
2
= 0,99.Wavelength used was 238.204. Average 
reference recovery was 100,9.and LOD was 0,05061. RSD < 2 % 
      Linear calibration curve potassium: R
2
=  0,99.Wavelength used was 766.491. 
Average reference recovery was 97,34.and LOD was 0,04839. RSD < 2.4   
      Linear calibration curve magnesium:R
2
= 0,99.Wavelength used was 280.270. 
Average reference recovery was 99,56.and LOD was 0,04760. RSD < 2.3 
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        Linear calibration curve manganese R
2
=0.9999.Wavelength used was 257.610. Average reference recovery was 98,10.and 
LOD was 0,04852. RSD < 2.5 
      Linear calibration curve sodium R
2
=0.9999.Wavelength used was 588.995. Average reference recovery was 102,6.and LOD was 
0,04839. RSD < 3.5 %. 
 
I.3 Results for acid-extractable Al, Ca, Fe, K, Mg, Mn, Na and P 
























ES018 250 7,69 337 24,5 19,4 3,28 4,70 75,8 
ES019 209 6,08 382 # 2,50 1,41 # 54,6 
ES020 184 5,07 354 16,8 7,63 1,89 3,98 9,12 
ES021 94,5 3,80 251 13,0 11,1 2,92 5,76 10,7 
ES022 56,6 2,94 174 8,98 13,0 4,34 2,42 9,93 
ES023 40,2 3,66 191 9,41 13,1 7,78 9,95 11,9 
ES024 36,3 3,73 179 6,49 14,0 4,37 1,87 10,5 
ES025 38,1 4,03 137 8,55 14,2 6,44 4,55 13,9 
ES026 32,4 3,62 150 6,26 13,6 6,16 3,66 14,3 
ES027 31,1 3,93 191 6,77 15,5 1,27 2,36 131 
ES028 293 2,81 587 31,0 15,2 7,07 2,69 114 
ES029 320 5,89 582 28,9 16,0 6,28 4,07 128 
ES030 344 3,34 645 26,8 16,1 4,78 3,41 13,5 
ES031 193 3,70 1183 19,3 23,8 3,60 3,68 13,0 
ES032 114 3,67 409 15,8 31,9 15,0 2,68 13,4 
ES033 87,8 3,37 215 14,8 37,7 12,0 6,11 14,3 
ES034 66,0 3,29 164 13,2 36,0 11,0 4,92 13,8 
ES035 55,4 3,07 105 11,5 33,3 10,2 3,62 17,6 
ES036 48,2 2,86 147 11,0 30,7 14,0 3,90 22,0 
ES037 79,6 7,27 200 20,9 35,1 11,5 5,24 20,5 
ES038 39,4 3,81 188 11,0 22,0 2,07 2,71  
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J. Compilation of P (EUTROPIA-data and Morsa-data) 
 




Figure A.10 Correlation between Skalar (laboratory 1) and Morsa-data (laboratory 2). 
Based on table A-14 
 
Table A.14 Results for tot-P on samples collected at the same time and analyzed at 
the two different laboratories. 











4,4 20 4,55 
VANU . 1.10 
12:00 
18 28 1,56 
SVIU . 1.10 
12:00 
23,64 41 1,73 
MJÆR . 1.10 
12:00 
11,47 18 1,57 
HOBK . 1.10 
12:00 
16,6 32 1,93 
SVIU 27. 1.10 
12:00 
24,87 40 1,61 
HOBK 27. 1.10 
12:00 
14,43 35 2,43 
STØ1 07. 4.10 
12:00 
41,2 87 2,11 
KRÅB 07. 4.10 
12:00 
37,4 100 2,67 
HOBK 07. 4.10 
12:00 
31,7 63 1,99 
ØRE 07. 4.10 
12:00 
7,9 18 2,28 
SVIN 07. 4.10 
12:00 
15,1 35 2,32 
VAS 07. 4.10 
12:00 
13,4 41 3,06 
MJÆR 07. 4.10 
12:00 
7,8 22 2,82 
ÅRV 07. 4.10 
14:05 





Figure A.11 Correlation between Skalar (laboratory 1) and Morsa-data (laboratory 2). 
Based on table A-15 
 
Table A-15 Results for tot-P on samples collected at the same time and analyzed at 















1,1 14 12,7 
MJÆR 09. 2.10 
12:00 
0,8 10 12,5 
SVIU 09. 2.10 
12:00 
5,4 18 3,3 
SVIU 09. 3.10 
12:00 
2,7 13 4,8 
VANU 09. 3.10 
12:00 
2,6 9 3,5 
MJÆR 09. 3.10 
12:00 
0,9 6 6,7 
D 20. 4.10 
12:00 
1 2 2 
SVIU 05. 5.10 
12:00 
3,5 16 4,57 
VANU 05. 5.10 
12:00 
3,1 5 1,61 
HUG 05. 5.10 
12:00 
5,4 31 5,74 
SVIN 05. 5.10 
12:00 
5,6 12 2,14 
ENGS 05. 5.10 
12:00 
2 17 8,5 
ÅRV 05. 5.10 
12:00 
1 9 9 
VAS 05. 5.10 
12:00 
1,2 14 11,7 
VEID 05. 5.10 
12:00 
3,3 4 1,2 
HOBK 05. 5.10 
12:00 
1,4 4 2,9 
VAVU 05. 5.10 
12:00 
0,4 6 15 
GUT 05. 5.10 
12:00 
2,4 5 2,1 
KRÅB 05. 5.10 
12:00 
2,7 8 3,0 
MJÆR 05. 5.10 
12:00 
1 3 3 
MØRK 05. 5.10 
12:00 
1,3 5 3,85 
ØRE 05. 5.10 
12:00 
1,5 8 5,33 
D 9. 5.10 
12:00 
1,3 2 1,54 
ØRE 0 . 6.10 
12:00 
1 3 3 
GUT 0 . 6.10 
12:00 
2,8 3 1,07 
KRÅB 0 . 6.10 
12:00 
3,6 7 1,94 
MØRK 0 . 6.10 
12:00 
1 2 2 
SVIN 0 . 6.10 
12:00 
2,2 4 1,82 
HOBK 0 . 6.10 
12:00 
1,8 2 1,11 
HUG 0 . 6.10 
12:00 
9,5 20 2,11 
STØ1 0 . 6.10 
12:00 
1,4 8 5,71 
ÅRV 0 . 6.10 
12:00 
2,2 4 1,82 
MJÆR 0 . 6.10 
12:00 





0,7 1 1,43 
SVIU 0 . 6.10 
12:00 
2,8 4 1,43 
VAS 0 . 6.10 
12:00 
1,2 8 6,67 
VEID 0 . 6.10 
12:00 
3,3 4 1,21 
VANU 0 . 6.10 
12:00 
1,6 3 1,875 
STØ1 05. 5.10 
12:00 
3,9 68 17,44 
 
Samples sent for control: All samples pretreated in the same manner and analyzed at two 
laboratories 
All the samples were added 0.04 M H2SO4 (except the bottom one).  
 
Table A-16: Control samples analyzed by Skalar and sent to Eurofins AS. 
Type of 
sample SKALAR EUROFINS 
Control 







































K. P-fracions EUTROPIA  
K.1 P- fractions and PM in the Huseby drainage water (EUTROPIA-data) 
Table A-17: The different P-fractions and PM in the drainage water from the Huseby field 
STREAM 
SAMPLES   


















* * 8.00 * * 
  EW0644 22.03.10 
14:30 
* * * * * 
  EW0671 24.03.10 
13:30 
* 10.60 3.00 * 7.60 15.67 11.33 
EW0712 02.04.10 
16:00 
58.70 * 31.80 
    EW0880 20.04.10 
12:00 
16,9 16,1 7,8 0,8 8,3 4.33 1.00 
EW0968 05.05.10 
12:00 
20,1 10.20 5.40 9,9 4.80 4.00 1.67 
EW1034 19.05.10 
12:00 
26,4 12.10 7.00 14 5.10 7.67 3.33 
EW1083 02.06.10 
12:00 
14,3 14.30 9.50 * 4.80 6.33 3.33 
EW1105 16.06.10 
12:00 
23,8 * * * * 
  EW1431 25.08.10 
12:00 
* * * * * 
  EW1573 28.10.10 
12:00 
* * * * * 22.00 10.51 
EW1650 12.11.10 
12:00 
137.10 57.71 39.65 79.39 18.06 21.13 14.55 
DRAINAGE 
WATER   




       EW0646 25.03.10 
11:30   
4.40 0.00 0 * * 
EW0684 30.03.10 
12:00 
* * * * * * * 
EW0685 25.03.10 
15:05 
86.90 9.60 2.50 77.30 7.10 10.25 * 
EW0686 25.03.10 
16:35 
56.80 10.10 1.70 46.70 8.40 10.20 * 
EW0687 25.03.10 
17:55 
28.70 * * * * * * 
EW0688 25.03.10 
19:05 
46.50 9.10 1.30 37.40 7.80 13.06 * 
EW0689 25.03.10 
20:25 
27.90 * * * * * * 
EW0690 25.03.10 
21:35 





32.40 9.60 2.50 22.80 7.10 9.80 * 
EW0692 26.03.10 
00:05 
31.10 7.60 1.80 23.50 5.80 12.20 * 
EW0693 26.03.10 
01:35 
30.70 6.90 1.80 23.80 5.10 10.08 * 
EW0694 26.03.10 
03:15 
31.10 * * * * * * 
EW0695 26.03.10 
04:55 
56.50 * * * * * * 
EW0696 26.03.10 
06:45 
49.10 * * * * * * 
EW0697 26.03.10 
08:45 
55.40 16.80 7.90 38.60 8.90 16.07 * 
EW0698 26.03.10 
10:55 
151.10 8.60 2.10 142.50 6.50 12.83 * 
EW0699 26.03.10 
12:55 
43.50 * 2.80 * * 9.90 * 
EW0700 26.03.10 
14:35 
46.90 * * * * * * 
EW0701 26.03.10 
16:05 
43.20 * * * * * * 
EW0702 26.03.10 
17:25 
96.70 * * * * * * 
EW0703 26.03.10 
18:55 
40.70 * * * * * * 
EW0704 26.03.10 
20:15 
30.70 9.60 2.70 21.10 6.90 8.16 * 
EW0705 26.03.10 
21:35 
81.70 7.80 1.90 73.90 5.90 6.83 * 
EW0706 26.03.10 
23:05 
33.90 8.90 2.40 25.00 6.50 10.08 * 
EW0707 27.03.10 
00:35 
32.30 * * * * * * 
EW0708 27.03.10 
01:55 
57.40 9.90 2.60 47.50 7.30 10.98 * 
EW0709 02.04.10 
15:20 










* * * * * 
EW0800 14.04.10 
11:20 
* 11.70 1.50 * 10.20 * * 
EW0816 14.04.10 
00:00 
7.40 * 0 * * 2.00 0.67 
EW0817 14.04.10 
00:00 
9.10 * * * * * * 
EW0818 14.04.10 
00:00 
40.20 6.20 0.30 34.00 5.90 1.22 1.22 
EW0819 14.04.10 
00:00 
9.20 * * * * * * 
EW0820 14.04.10 
00:00 
11.90 * * * * * * 
EW0821 14.04.10 
00:00 
28.50 * * * * * * 
EW0822 14.04.10 
00:00 
9.10 * * * * * * 
EW0823 14.04.10 
00:00 
9.10 * * * * * * 
EW0824 14.04.10 
00:00 
11.60 3.90 0.30 7.70 3.60 2.07 1.24 
EW0825 14.04.10 
00:00 
15.70 * * * * * * 
EW0826 14.04.10 
00:00 
11.90 * * * * * * 
EW0827 14.04.10 
00:00 
56.50 * * * * * * 
EW0828 14.04.10 
00:00 
12.50 * * * * * * 
EW0829 14.04.10 
00:00 
35.90 * * * * * * 
EW0830 14.04.10 
00:00 
9.30 8.50 0.30 0.80 8.20 1.61 1.61 
EW0831 14.04.10 
00:00 





8.90 * * * * * * 
EW0833 14.04.10 
00:00 
9.50 * * * * * * 
EW0834 14.04.10 
00:00 
51.20 * * * * * * 
EW0835 14.04.10 
00:00 
7.60 * * * * * * 
EW0836 14.04.10 
00:00 
22.90 5.00 0.30 17.90 4.70 3.66 1.22 
EW0837 14.04.10 
00:00 
46.40 * * * * * * 
EW0838 14.04.10 
00:00 
71.00 * * * * * * 
EW0839 14.04.10 
00:00 
9.90 * * * * * * 
EW0841 24.04.10 
18:00 
* * 0 * * 3.00 0.67 
EW0842 24.04.10 
06:00 
* * 0 * * 1.00 0.33 
EW0843 25.04.10 
18:00 
* * 0 * * 2.67 0.33 
EW0844 25.04.10 
06:00 
* * 0 * * 4.33 2.33 
EW0845 26.04.10 
18:00 
* * 0 * * 1.33 0.33 
EW0846 26.04.10 
06:00 
* * * * * 3.00 2.00 
EW0847 27.04.10 
18:00 
* * 0.30 * * 3.67 0.67 
EW0848 27.04.10 
06:00 
* * 0 * * 3.67 2.00 
EW0849 28.04.10 
18:00 
* * 0 * * 2.33 0.67 
EW0850 28.04.10 
06:00 
* * * * * 2.67 0.67 
EW0851 29.04.10 
18:00 
* * * * * 2.00 1.33 
EW0852 29.04.10 
06:00 
* * 0.30 * * 1.67 0.33 
EW0853 30.04.10 
18:00 
* * 0 * * 3.00 1.33 
EW0854 30.04.10 
06:00 
* * * * * 3.33 3.00 
EW0887 01.05.10 
06:00 
4.10 * * * * * * 
EW0888 01.05.10 
18:00 
2.80 * * * * * * 
EW0892 03.05.10 
18:00 
7.40 * * * * * * 
EW0893 04.05.10 
06:00 
2.10 * * * * * * 
EW0894 04.05.10 
18:00 
39.60 * * * * * * 
EW0895 05.05.10 
06:00 
4.30 * * * * * * 
EW0899 07.05.10 
06:00 
* 12.00 5.10 * 6.90 * * 
EW0916 09.05.10 
18:00 
* 3.00 0.20 * 2.80 3.24 2.84 
EW0917 10.05.10 
00:00 
* 2.80 0.30 * 2.50 2.44 2.03 
EW0918 10.05.10 
00:00 
* 4.10 0.30 * 3.80 3.26 2.04 
EW0919 10.05.10 
06:00 
* 3.10 0.30 * 2.80 4.03 1.61 
EW0920 10.05.10 
12:00 
* 2.90 0.30 * 2.60 1.61 2.82 
EW0921 10.05.10 
18:00 
* 2.80 0.20 * 2.60 2.82 3.23 
EW0922 11.05.10 
00:00 
* 3.90 0.30 * 3.60 2.42 3.22 
EW0923 12.05.10 
00:00 
* 3.30 0.30 * 3.00 3.63 2.02 
EW1002 20.05.10 
18:00 





11.30 7.20 0.46 4.10 6.74 19.33 15.33 
EW1004 21.05.10 
18:00 
* 5.87 0.48 * 5.39 8.00 0.33 
EW1005 22.05.10 
06:00 
4.40 8.53 0.58 0 7.95 3.67 1.00 
EW1006 22.05.10 
18:00 
4.90 7.12 0.37 0 6.74 3.67 1.00 
EW1007 23.05.10 
06:00 
* 4.98 0.23 * 4.75 2.00 0.33 
EW1008 23.05.10 
18:00 
4.80 4.88 0.28 0 4.61 2.67 0.67 
EW1009 24.05.10 
06:00 
5.50 5.62 0.43 0 5.19 2.33 2.00 
EW1010 24.05.10 
18:00 
* 12.64 0.78 * 11.86 2.33 0.33 
EW1011 25.05.10 
06:00 
* 5.54 0.53 * 5.01 4.67 1.67 
EW1012 25.05.10 
18:00 
5.50 4.49 0.35 1.01 4.13 4.00 1.67 
EW1013 26.05.10 
06:00 
5.50 123.26 110.65 0 12.61 2.33 0.67 
EW1014 26.05.10 
18:00 
* 3.55 0.28 * 3.27 3.00 1.67 
EW1015 27.05.10 
06:00 
4.30 4.15 0.35 0.15 3.81 2.33 1.67 
EW1016 27.05.10 
18:00 
* 35.15 21.44 * 13.71 1.67 0.67 
EW1017 28.05.10 
06:00 
* * 6.10 * * * * 
EW1019 30.05.10 
06:00 
5.10 * * * * * * 
EW1023 03.06.10 
06:00 
7.50 * * * * * * 
EW1024 04.06.10 
06:00 
5.50 * * * * * * 
EW1046 05.06.10 
06:00 
* 3.30 0.20 * 3.10 3.00 0.67 
EW1047 06.06.10 
06:00 
* 4.50 0.30 * 4.20 4.00 1.00 
EW1048 07.06.10 
06:00 
* 4.20 0.40 * 3.80 2.50 1.00 
EW1049 08.06.10 
06:00 
* 4.00 0.50 * 3.50 3.00 0.50 
EW1050 09.06.10 
06:00 
* 3.00 0.30 * 2.70 3.00 0.50 
EW1051 10.06.10 
06:00 
* 2.90 0.40 * 2.50 3.50 1.50 
EW1052 10.06.10 
18:00 
* 3.70 0.50 * 3.20 4.12 0.59 
EW1053 11.06.10 
06:00 
* 3.90 0.50 * 3.40 4.67 0.67 
EW1054 11.06.10 
18:00 
* 4.20 0.70 * 3.50 5.50 1.00 
EW1055 12.06.10 
06:00 
* 8.30 1.90 * 6.40 3.00 1.00 
EW1056 12.06.10 
18:00 
* 6.90 1.40 * 5.50 3.50 1.00 
EW1057 13.06.10 
06:00 
* 6.70 1.60 * 5.10 3.00 0.50 
EW1058 13.06.10 
18:00 
* 5.10 1.50 * 3.60 3.50 0.50 
EW1059 14.06.10 
06:00 
* 6.00 1.40 * 4.60 3.50 2.00 
EW1060 15.06.10 
06:00 
* 5.40 1.40 * 4.00 9.50 7.00 
EW1122 19.06.10 
06:00 
7.00 3.20 0.50 3.80 2.70 3.50 -0.50 
EW1123 19.06.10 
18:00 
12.70 6.40 0.60 6.30 5.80 3.23 0.81 
EW1124 20.06.10 
06:00 
8.90 3.60 0.50 5.30 3.10 3.60 2.80 
EW1125 22.06.10 
06:00 
* 3.10 0.50 * 2.60 2.00 3.60 
EW1126 24.06.10 
06:00 





5.40 3.50 0.40 1.90 3.10 2.54 2.54 
EW1128 25.06.10 
06:00 
9.10 5.40 0.40 3.70 5.00 3.30 0.94 
EW1129 25.06.10 
18:00 
* 5.20 0.80 * 4.40 4.73 2.70 
EW1130 26.06.10 
06:00 
* 4.80 0.90 * 3.90 2.39 1.91 
EW1131 26.06.10 
18:00 
* 6.10 2.00 * 4.10 3.24 1.85 
EW1132 28.06.10 
06:00 
* 4.10 0.40 * 3.70 1.20 0.40 
EW1133 30.06.10 
06:00 
31.50 3.00 0.20 28.50 2.80 1.61 2.01 
EW1164 09.07.10 
18:00 
* * * * * 3.50 1.00 
EW1176 13.07.10 
18:00 
* 15.63 0.92 * 14.71 2.00 1.00 
EW1177 14.07.10 
18:00 
* 10.73 0.63 * 10.10 6.50 1.00 
EW1272 22.07.10 
06:00 
75.10 * * * * * * 
EW1273 30.07.10 
06:00 
20.10 * * * * * * 
EW1274 30.07.10 
18:00 
37.00 * * * * * * 
EW1275 31.07.10 
06:00 
24.80 * * * * * * 
EW1276 31.07.10 
18:00 
16.80 * * * * * * 
EW1277 01.08.10 
06:00 
12.50 * * * * * * 
EW1301 06.08.10 
06:00 
* 16.50 2.30 * 14.20 * * 
EW1302 06.08.10 
18:00 
* 6.70 0.60 * 6.10 * * 
EW1438 23.08.10 
18:00 
19.00 10.20 0.80 8.80 9.40 2.02 0 
EW1439 24.08.10 
00:00 
27.00 7.20 0.70 19.80 6.50 5.22 0 
EW1440 24.08.10 
06:00 
41.10 19.60 0.80 21.50 18.80 * * 
EW1441 24.08.10 
12:00 
104.50 13.30 2.40 91.20 10.90 * * 
EW1442 24.08.10 
18:00 
38.70 17.30 1.40 21.40 15.90 * * 
EW1443 25.08.10 
00:00 
50.90 16.40 1.80 34.50 14.60 * * 
EW1444 25.08.10 
06:00 
28.60 9.00 1.80 19.60 7.20 * * 
EW1445 25.08.10 
12:00 
19.40 8.00 1.20 11.40 6.80 * * 
EW1446 25.08.10 
18:00 
29.50 8.00 1.10 21.50 6.90 * * 
EW1447 26.08.10 
00:00 
15.30 6.10 0.90 9.20 5.20 * * 
EW1448 26.08.10 
06:00 
39.90 17.00 4.50 22.90 12.50 * * 
EW1449 26.08.10 
12:00 
29.80 13.20 4.20 16.60 9.00 * * 
EW1450 26.08.10 
18:00 
24.50 17.20 3.10 7.30 14.10 * * 
EW1451 27.08.10 
00:00 
17.60 * * * * * * 
EW1452 27.08.10 
06:00 
23.90 * * * * * * 
EW1453 27.08.10 
12:00 
22.30 * * * * * * 
EW1454 27.08.10 
18:00 
36.00 * * * * * * 
EW1455 28.08.10 
00:00 
27.10 * * * * * * 
EW1456 28.08.10 
06:00 
19.70 * * * * * * 
EW1457 28.08.10 
12:00 





28.00 * * * * * * 
EW1459 29.08.10 
00:00 
48.40 * * * * * * 
EW1460 29.08.10 
06:00 
31.40 * * * * * * 
EW1461 29.08.10 
12:00 
19.20 * * * * * * 
EW1462 30.08.10 
18:00 
143.10 106.00 98.10 37.10 7.90 * * 
EW1463 01.09.10 
18:00 
24.10 22.70 16.80 1.40 5.90 * * 
EW1464 03.09.10 
18:00 
7.00 11.70 4.30 0 7.40 * * 
EW1465 05.09.10 
18:00 
32.20 17.60 14.40 14.60 3.20 * * 
EW1466 07.09.10 
18:00 
8.70 4.90 1.40 3.80 3.50 * * 
EW1467 09.09.10 
18:00 
21.70 12.10 8.40 9.60 3.70 * * 
EW1490 20.09.10 
18:00 
260.50 * 1.80 * * 49.60 38.71 
EW1491 21.09.10 
06:00 
75.20 * 0.70 * * 17.32 12.89 
EW1492 21.09.10 
18:00 
74.80 * * * * 6.40 4.80 
EW1493 22.09.10 
06:00 
276.80 * 0 * * 3.63 4.84 
EW1494 22.09.10 
18:00 
49.00 * 0 * * 2.80 2.40 
EW1495 23.09.10 
06:00 
9.50 * 0 * * 2.83 2.43 
EW1496 23.09.10 
18:00 
391.60 * * * * 2.42 1.21 
EW1497 24.09.10 
06:00 
25.80 * 0.10 * * 4.80 2.40 
EW1498 24.09.10 
18:00 
306.10 * 3.00 * * 23.60 19.20 
EW1499 25.09.10 
06:00 
41.10 * * * * 17.74 14.92 
EW1500 26.09.10 
18:00 
102.40 * * * * 10.04 8.84 
EW1501 27.09.10 
18:00 
132.10 * 0.30 * * 6.91 4.79 
EW1502 29.09.10 
18:00 
69.20 * * * * 4.44 1.61 
EW1503 01.10.10 
18:00 
80.40 * 0 * * 0.81 0.00 
EW1532 01.10.10 
18:00 
* 9.60 7.50 * 2.10 * * 
EW1533 02.10.10 
18:00 
* 137.80 38.20 * 99.60 * * 
EW1534 03.10.10 
18:00 
* 28.90 19.90 * 9.00 * * 
EW1535 04.10.10 
00:00 
* 16.70 11.90 * 4.80 * * 
EW1536 04.10.10 
06:00 
* 27.60 21.40 * 6.20 * * 
EW1537 04.10.10 
12:00 
* 8.00 3.40 * 4.60 * * 
EW1538 04.10.10 
18:00 
* 15.40 8.80 * 6.60 * * 
EW1539 05.10.10 
18:00 
* 7.50 2.50 * 5.00 * * 
EW1540 06.10.10 
18:00 
* 4.60 1.00 * 3.60 * * 
EW1541 07.10.10 
00:00 
* 21.60 15.90 * 5.70 * * 
EW1542 07.10.10 
06:00 
* 23.90 12.30 * 11.60 * * 
EW1543 07.10.10 
12:00 
* 31.30 23.20 * 8.10 * * 
EW1626 28.10.10 
18:00 
192.00 26.08 12.09 165.92 13.99 17.88 11.73 
EW1627 29.10.10 
00:00 





64.70 23.16 11.43 41.54 11.73 17.05 13.26 
EW1629 29.10.10 
12:00 
85.40 34.84 18.20 50.56 16.64 29.04 22.12 
EW1630 29.10.10 
18:00 
81.50 47.84 27.48 33.66 20.36 23.23 18.52 
EW1631 30.10.10 
00:00 
165.60 37.96 16.29 127.64 21.68 22.30 17.30 
EW1632 30.10.10 
06:00 
193.00 37.19 22.56 155.81 14.63 19.20 15.81 
EW1633 30.10.10 
12:00 
74.00 44.85 22.58 29.15 22.28 20.60 18.83 
EW1634 30.10.10 
18:00 
103.20 71.50 37.09 31.70 34.40 29.02 21.68 
EW1635 31.10.10 
00:00 
408.90 32.77 15.94 376.13 16.83 16.45 14.25 
EW1636 31.10.10 
06:00 
72.30 38.24 18.21 34.06 20.03 26.24 21.87 
EW1637 31.10.10 
12:00 
* 28.53 12.70 * 15.83 16.69 11.92 
EW1638 31.10.10 
18:00 
* 25.93 11.84 * 14.09 15.96 10.97 
EW1639 01.11.10 
00:00 
32.90 19.56 10.29 13.34 9.28 12.87 10.73 
EW1640 01.11.10 
06:00 
36.40 17.63 9.31 18.77 8.32 13.62 10.12 
EW1641 01.11.10 
12:00 
32.00 15.41 8.03 16.59 7.39 12.15 10.55 
EW1642 01.11.10 
18:00 
29.00 12.93 6.15 16.07 6.78 13.95 8.94 
EW1643 02.11.10 
00:00 
23.20 10.02 4.15 13.18 5.86 9.79 7.34 
EW1644 02.11.10 
06:00 
22.50 9.34 4.06 13.16 5.28 8.71 5.92 
EW1645 02.11.10 
12:00 
86.70 27.87 16.23 58.83 11.63 45.26 39.94 
EW1646 02.11.10 
18:00 
98.10 28.03 16.87 70.07 11.16 39.69 30.67 
EW1647 03.11.10 
00:00 
40.00 18.84 9.02 21.16 9.82 12.65 7.59 
EW1648 03.11.10 
06:00 
190.30 34.26 22.35 156.04 11.91 70.39 54.32 
EW1649 03.11.10 
12:00 
56.60 29.09 19.62 27.51 9.47 29.84 22.17 












Appendix L: pH, alkalinitiy, UV and color absorbance in stream and drainage 
water (EUTROPIA-data). 
 
L.1: pH, alkalinitiy, UV and color absorbance in stream water in the Huggenes 
stream.  
Table A-18: pH, alkalinity, UV254 and UV400 in the Huggenes stream 
  




Alkalinity OD254nm OD400nm 











EW0117 11.08.09 11:30 * * * * 
EW0130 26.08.09 12:00 6.50 * 0.854 0.199 
EW0162 08.09.09 12:00 6.98 0.780 0.399 0.050 
EW0273 23.09.09 12:00 7.06 1.163 0.186 0.031 
EW0289 07.10.09 12:00 * * * * 
EW0346 21.10.09 12:00 7.40 1.268 0.233 0.025 
EW0366 04.11.09 12:00 7.25 * * * 
EW0368 04.11.09 12:00 6.27 * 0.856 0.153 
EW0384 18.11.09 12:00 6.49 0.586 0.668 0.137 
EW0440 02.12.09 12:00 6.83 0.689 0.423 0.080 
EW0515 15.12.09 12:00 6.97 0.828 0.366 0.046 
EW0632 19.03.10 10:00 * * * * 
EW0644 22.03.10 14:30 * * * * 
EW0671 24.03.10 13:30 6.84 0.547 0.334 0.040 
EW0712 02.04.10 16:00 6.29 0.405 0.866 0.175 
EW0880 20.04.10 12:00 7.51 0.87 0.299 0.033 
EW0968 05.05.10 12:00 7.12 0.80 0.334 0.041 
EW1034 19.05.10 12:00 7.56 1.04 0.295 0.042 
EW1083 02.06.10 12:00 7.50 1.439 0.224 0.031 
EW1105 16.06.10 12:00 7.11 1.166 0.046 0.031 
EW1431 25.08.10 12:00 * * * * 
EW1573 28.10.10 12:00 6.71 * 0.599 0.142 
EW1650 12.11.10 12:00 6.260 0.569 0.541 0.124 
Note. Asterisk indicate missing data.  
 
L.2 pH, alkalinitiy, UV and color absorbance in drainage water  
 
Table A-19: pH, alkalinity UV254 and UV400 in the Huseby drainage 
  





Alkalinity OD254nm OD400nm 











EW0646 25.03.10 11:30 * * * * 
EW0684 30.03.10 12:00 * * * * 
EW0685 25.03.10 15:05 6.70 0.667 * * 
EW0686 25.03.10 16:35 6.52 0.454 * * 
EW0687 25.03.10 17:55 6.60 0.460 * * 
EW0688 25.03.10 19:05 6.74 0.493 * * 
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EW0689 25.03.10 20:25 6.65 0.542 * * 
EW0690 25.03.10 21:35 6.57 0.587 * * 
EW0691 25.03.10 22:55 6.63 0.522 * * 
EW0692 26.03.10 00:05 6.60 0.486 * * 
EW0693 26.03.10 01:35 6.61 0.495 * * 
EW0694 26.03.10 03:15 6.64 0.518 * * 
EW0695 26.03.10 04:55 6.65 0.554 * * 
EW0696 26.03.10 06:45 6.64 0.373 * * 
EW0697 26.03.10 08:45 6.55 0.327 * * 
EW0698 26.03.10 10:55 6.34 0.311 * * 
EW0699 26.03.10 12:55 6.54 0.300 * * 
EW0700 26.03.10 14:35 6.27 0.297 * * 
EW0701 26.03.10 16:05 6.42 0.317 * * 
EW0702 26.03.10 17:25 6.45 0.351 * * 
EW0703 26.03.10 18:55 6.45 0.379 * * 
EW0704 26.03.10 20:15 6.62 0.418 * * 
EW0705 26.03.10 21:35 6.42 0.457 * * 
EW0706 26.03.10 23:05 6.38 0.486 * * 
EW0707 27.03.10 00:35 6.50 0.413 * * 
EW0708 27.03.10 01:55 6.36 0.403 * * 
EW0709 02.04.10 15:20 6.74 0.403 0.505 0.097 
EW0724 05.04.10 16:40 6.24 0.357 0.258 0.029 
EW0799 14.04.10 12:00 7.11 0.515 * * 
EW0800 14.04.10 11:20 6.66 0.986 * * 
EW0816 15.04.10 18:00 7.41 1.047 0.135 0.012 
EW0817 16.04.10 00:00 7.78 1.088 0.112 0.005 
EW0818 16.04.10 06:00 7.63 1.090 0.115 0.010 
EW0819 16.04.10 12:00 7.62 1.091 * * 
EW0820 16.04.10 18:00 7.66 * * * 
EW0821 17.04.10 00:00 7.52 1.192 * * 
EW0822 17.04.10 06:00 7.53 1.194 * * 
EW0823 17.04.10 12:00 7.56 1.243 0.111 0.005 
EW0824 17.04.10 18:00 7.65 1.291 0.114 0.010 
EW0825 18.04.10 00:00 7.69 1.263 0.119 0.007 
EW0826 18.04.10 06:00 7.75 1.246 0.121 0.010 
EW0827 18.04.10 12:00 7.68 1.435 0.118 0.006 
EW0828 18.04.10 18:00 7.69 1.214 0.113 0.009 
EW0829 19.04.10 00:00 7.56 1.438 0.114 0.007 
EW0830 19.04.10 06:00 7.37 1.540 0.092 0.007 
EW0831 19.04.10 12:00 7.26 1.519 0.096 0.009 
EW0832 19.04.10 18:00 7.37 1.595 * * 
EW0833 20.04.10 00:00 7.37 1.578 * * 
EW0834 20.04.10 06:00 7.49 1.676 * * 
EW0835 20.04.10 12:00 7.20 1.599 * * 
EW0836 20.04.10 18:00 7.13 1.723 0.092 0.009 
EW0837 21.04.10 00:00 7.48 1.701 * * 
EW0838 21.04.10 06:00 7.54 1.830 * * 
EW0839 21.04.10 12:00 7.15 * * * 
EW0841 24.04.10 18:00 7.94 1.739 0.075 0.000 
EW0842 24.04.10 06:00 8.26 1.807 0.072 0.000 
EW0843 25.04.10 18:00 8.00 1.750 0.065 0.000 
EW0844 25.04.10 06:00 7.95 1.805 0.067 0.000 
EW0845 26.04.10 18:00 8.13 1.866 0.066 0.000 
EW0846 26.04.10 06:00 7.88 1.773 0.078 0.006 
EW0847 27.04.10 18:00 7.82 1.878 0.076 0.008 
EW0848 27.04.10 06:00 7.90 1.924 0.078 0.006 
EW0849 28.04.10 18:00 7.78 1.954 0.074 0.007 
127 
 
EW0850 28.04.10 06:00 7.93 1.975 0.071 0.006 
EW0851 29.04.10 18:00 7.72 1.534 0.070 0.007 
EW0852 29.04.10 06:00 7.73 1.029 0.100 0.009 
EW0853 30.04.10 18:00 8.18 1.246 0.105 0.011 
EW0854 30.04.10 06:00 8.25 1.378 0.103 0.010 
EW0886 30.04.10 18:00 7.79 1.43 0.097 0.009 
EW0887 01.05.10 06:00 8.05 1.43 0.097 0.011 
EW0888 01.05.10 18:00 7.92 1.34 0.098 0.012 
EW0889 02.05.10 06:00 7.99 1.51 0.080 0.070 
EW0890 02.05.10 18:00 8.16 1.76 0.082 0.009 
EW0891 03.05.10 06:00 8.22 1.80 0.083 0.010 
EW0892 03.05.10 18:00 7.67 1.98 0.074 0.007 
EW0893 04.05.10 06:00 8.20 1.99 0.070 0.006 
EW0894 04.05.10 18:00 7.59 1.35 0.115 0.013 
EW0895 05.05.10 06:00 7.67 1.43 0.101 0.009 
EW0896 05.05.10 18:00 * * 0.086 0.007 
EW0897 06.05.10 06:00 7.63 1.83 0.075 0.008 
EW0898 06.05.10 18:00 * * * * 
EW0899 07.05.10 06:00 7.53 1.96 * * 
EW0916 09.05.10 18:00 7.61 1.99 0.089 0.011 
EW0917 10.05.10 00:00 7.75 1.98 0.073 0.005 
EW0918 10.05.10 00:00 7.57 2.10 0.087 0.011 
EW0919 10.05.10 06:00 7.71 2.05 0.075 0.007 
EW0920 10.05.10 12:00 7.53 2.14 0.800 0.011 
EW0921 10.05.10 18:00 7.51 2.17 0.086 0.010 
EW0922 11.05.10 00:00 7.53 2.18 0.074 0.007 
EW0923 12.05.10 00:00 7.45 2.29 0.079 0.010 
EW0927 13.05.10 00:00 7.58 2.25 0.087 0.011 
EW0928 13.05.10 12:00 7.42 2.29 0.072 0.006 
EW0929 14.05.10 00:00 7.78 2.26 0.078 0.008 
EW0930 14.05.10 12:00 7.85 2.26 0.085 0.011 
EW0931 15.05.10 00:00 7.92 2.26 0.071 0.006 
EW0932 15.05.10 12:00 8.17 2.29 0.085 0.011 
EW0933 16.05.10 00:00 8.10 2.13 0.074 0.006 
EW0934 16.05.10 06:00 8.05 2.04 0.080 0.009 
EW0935 16.05.10 12:00 8.03 1.68 0.086 0.009 
EW0936 16.05.10 18:00 7.97 1.25 0.071 0.002 
EW0937 17.05.10 00:00 7.89 1.28 0.078 0.006 
EW0938 17.05.10 06:00 7.81 1.44 0.084 0.017 
EW0939 17.05.10 12:00 7.76 1.55 0.072 0.012 
EW0940 17.05.10 18:00 7.78 1.70 0.078 0.016 
EW0941 18.05.10 00:00 7.41 1.88 0.071 0.011 
EW0942 18.05.10 06:00 7.83 2.00 0.083 0.017 
EW0943 18.05.10 12:00 7.55 2.08 0.073 0.014 
EW1002 20.05.10 18:00 7.73 2.38 0.090 0.017 
EW1003 21.05.10 06:00 7.49 1.83 0.106 0.020 
EW1004 21.05.10 18:00 7.61 2.41 0.082 0.016 
EW1005 22.05.10 06:00 7.73 2.55 0.077 0.010 
EW1006 22.05.10 18:00 7.80 2.61 0.071 0.008 
EW1007 23.05.10 06:00 7.68 2.53 0.076 0.010 
EW1008 23.05.10 18:00 7.62 2.45 0.080 0.010 
EW1009 24.05.10 06:00 7.51 2.38 0.076 0.008 
EW1010 24.05.10 18:00 7.45 2.41 0.081 0.012 
EW1011 25.05.10 06:00 7.36 1.48 0.137 0.017 
EW1012 25.05.10 18:00 7.41 1.72 0.101 0.009 
EW1013 26.05.10 06:00 7.43 2.31 0.091 0.012 
EW1014 26.05.10 18:00 7.34 2.41 0.091 0.013 
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EW1015 27.05.10 06:00 7.56 2.42 0.076 0.006 
EW1016 27.05.10 18:00 7.38 2.02 0.085 0.010 
EW1017 28.05.10 06:00 7.34 2.37 0.072 0.005 
EW1018 29.05.10 06:00 7.90 2.38 0.077 0.010 
EW1019 30.05.10 06:00 7.97 2.39 0.079 0.080 
EW1020 31.05.10 06:00 8.02 2.38 0.072 0.007 
EW1021 01.06.10 06:00 7.81 2.38 0.076 0.009 
EW1022 02.06.10 06:00 7.62 2.45 0.080 0.011 
EW1023 03.06.10 06:00 7.46 2.50 0.073 0.008 
EW1024 04.06.10 06:00 7.24 2.47 0.078 0.011 
EW1046 05.06.10 06:00 8.12 2.477 0.079 0.010 
EW1047 06.06.10 06:00 8.18 2.592 0.080 0.010 
EW1048 07.06.10 06:00 8.12 2.571 0.080 0.007 
EW1049 08.06.10 06:00 8.07 2.544 0.089 0.012 
EW1050 09.06.10 06:00 8.20 2.478 0.083 0.009 
EW1051 10.06.10 06:00 7.94 2.500 0.079 0.009 
EW1052 10.06.10 18:00 7.86 2.495 0.091 0.010 
EW1053 11.06.10 06:00 7.75 2.512 0.093 0.012 
EW1054 11.06.10 18:00 7.50 1.452 0.200 0.021 
EW1055 12.06.10 06:00 6.92 0.422 0.382 0.033 
EW1056 12.06.10 18:00 6.51 0.324 0.365 0.030 
EW1057 13.06.10 06:00 6.49 0.349 0.347 0.032 
EW1058 13.06.10 18:00 6.66 0.623 0.297 0.027 
EW1059 14.06.10 06:00 6.66 0.638 0.290 0.025 
EW1060 15.06.10 06:00 6.64 0.623 0.287 0.026 
EW1122 19.06.10 06:00 7.58 0.611 0.271 0.024 
EW1123 19.06.10 18:00 7.52 0.604 0.270 0.024 
EW1124 20.06.10 06:00 7.58 0.607 0.276 0.027 
EW1125 22.06.10 06:00 7.56 0.601 0.271 0.024 
EW1126 24.06.10 06:00 7.57 0.605 0.269 0.024 
EW1127 24.06.10 18:00 7.42 0.604 0.273 0.025 
EW1128 25.06.10 06:00 7.58 0.592 0.272 0.024 
EW1129 25.06.10 18:00 7.04 0.340 0.301 0.028 
EW1130 26.06.10 06:00 6.88 0.284 0.323 0.030 
EW1131 26.06.10 18:00 6.89 0.226 0.347 0.031 
EW1132 28.06.10 06:00 7.33 0.615 0.154 0.014 
EW1133 30.06.10 06:00 7.86 2.007 0.100 0.011 
EW1164 09.07.10 18:00 7.68 2.047 0.363 0.045 
EW1176 13.07.10 18:00 7.66 0.573 0.141 0.015 
EW1177 14.07.10 18:00 7.71 1.918 0.142 0.014 
EW1272 22.07.10 06:00 7.93 1.682 0.148 0.014 
EW1273 30.07.10 06:00 7.47 0.911 0.327 0.072 
EW1274 30.07.10 18:00 7.52 1.934 0.545 0.151 
EW1275 31.07.10 06:00 7.70 2.271 0.362 0.093 
EW1276 31.07.10 18:00 8.08 2.309 0.229 0.050 
EW1277 01.08.10 06:00 7.92 2.548 0.145 0.027 
EW1301 06.08.10 06:00 * * * * 
EW1302 06.08.10 18:00 * * * * 
EW1438 23.08.10 18:00 7.30 2.490 0.146 0.016 
EW1439 24.08.10 00:00 7.62 2.344 0.141 0.019 
EW1440 24.08.10 06:00 7.50 1.483 0.217 0.027 
EW1441 24.08.10 12:00 7.34 0.752 0.353 0.048 
EW1442 24.08.10 18:00 7.08 0.550 0.357 0.042 
EW1443 25.08.10 00:00 7.11 0.434 0.401 0.062 
EW1444 25.08.10 06:00 7.10 0.517 0.356 0.051 
EW1445 25.08.10 12:00 7.08 0.601 0.314 0.038 
EW1446 25.08.10 18:00 7.06 0.697 0.313 0.046 
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EW1447 26.08.10 00:00 7.09 0.800 0.265 0.029 
EW1448 26.08.10 06:00 6.86 0.427 0.467 0.076 
EW1449 26.08.10 12:00 6.86 0.439 0.458 0.078 
EW1450 26.08.10 18:00 6.91 0.508 0.398 0.062 
EW1451 27.08.10 00:00 7.05 0.581 0.342 0.045 
EW1452 27.08.10 06:00 7.01 0.640 0.331 0.047 
EW1453 27.08.10 12:00 7.00 0.714 0.295 0.039 
EW1454 27.08.10 18:00 6.78 0.683 0.359 0.055 
EW1455 28.08.10 00:00 6.75 0.711 0.327 0.048 
EW1456 28.08.10 06:00 6.86 0.760 0.296 0.038 
EW1457 28.08.10 12:00 6.66 0.722 0.335 0.047 
EW1458 28.08.10 18:00 6.70 0.780 0.301 0.041 
EW1459 29.08.10 00:00 6.82 0.812 0.280 0.036 
EW1460 29.08.10 06:00 6.66 0.855 0.258 0.030 
EW1461 29.08.10 12:00 6.60 0.914 0.247 0.030 
EW1462 30.08.10 18:00 7.20 1.053 0.216 0.038 
EW1463 01.09.10 18:00 7.79 1.323 0.150 0.015 
EW1464 03.09.10 18:00 7.88 1.628 0.126 0.012 
EW1465 05.09.10 18:00 7.83 1.820 0.197 0.013 
EW1466 07.09.10 18:00 7.78 1.916 0.112 0.013 
EW1467 09.09.10 18:00 * 2.038 0.133 0.032 
EW1490 20.09.10 18:00 7.30 1.005 0.442 0.085 
EW1491 21.09.10 06:00 7.03 0.338 0.431 0.074 
EW1492 21.09.10 18:00 7.07 0.450 0.296 0.037 
EW1493 22.09.10 06:00 7.44 0.537 0.237 0.028 
EW1494 22.09.10 18:00 7.12 0.606 0.211 0.023 
EW1495 23.09.10 06:00 7.17 0.642 0.201 0.018 
EW1496 23.09.10 18:00 7.20 0.705 0.201 0.021 
EW1497 24.09.10 06:00 7.16 0.689 0.224 0.026 
EW1498 24.09.10 18:00 6.95 0.509 0.593 0.130 
EW1499 25.09.10 06:00 6.91 0.536 0.434 0.086 
EW1500 26.09.10 18:00 7.07 0.745 0.288 0.049 
EW1501 27.09.10 18:00 7.19 0.953 0.199 0.025 
EW1502 29.09.10 18:00 7.18 1.281 0.164 0.021 
EW1503 01.10.10 18:00 7.06 1.457 0.138 0.017 
EW1532 01.10.10 18:00 7.81 1.536 0.121 0.014 
EW1533 02.10.10 18:00 7.79 1.604 0.116 0.012 
EW1534 03.10.10 18:00 7.29 0.522 0.624 0.180 
EW1535 04.10.10 00:00 7.22 0.544 0.442 0.092 
EW1536 04.10.10 06:00 6.99 0.415 0.668 0.213 
EW1537 04.10.10 12:00 7.09 0.491 0.424 0.087 
EW1538 04.10.10 18:00 7.13 0.437 0.542 0.125 
EW1539 05.10.10 18:00 7.12 0.684 0.254 0.039 
EW1540 06.10.10 18:00 7.13 0.777 0.226 0.041 
EW1541 07.10.10 00:00 6.65 0.360 0.609 0.178 
EW1542 07.10.10 06:00 6.69 0.376 0.604 0.147 
EW1543 07.10.10 12:00 6.65 0.433 0.456 0.102 
EW1626 28.10.10 18:00 7.04 0.764 0.491 0.118 
EW1627 29.10.10 00:00 6.98 0.848 0.404 0.081 
EW1628 29.10.10 06:00 6.96 0.931 0.368 0.085 
EW1629 29.10.10 12:00 6.69 0.888 0.616 0.168 
EW1630 29.10.10 18:00 6.61 0.707 0.682 0.156 
EW1631 30.10.10 00:00 6.79 0.720 0.550 0.126 
EW1632 30.10.10 06:00 6.85 0.735 0.446 0.094 
EW1633 30.10.10 12:00 6.80 0.811 0.510 0.130 
EW1634 30.10.10 18:00 6.44 0.575 0.803 0.218 
EW1635 31.10.10 00:00 6.48 0.605 0.535 0.105 
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EW1636 31.10.10 06:00 6.50 0.650 0.577 0.136 
EW1637 31.10.10 12:00 6.61 0.688 0.504 0.103 
EW1638 31.10.10 18:00 6.54 0.750 0.467 0.104 
EW1639 01.11.10 00:00 6.620 0.753 0.365 0.007 
EW1640 01.11.10 06:00 7.140 0.810 0.321 0.065 
EW1641 01.11.10 12:00 6.930 0.860 0.298 0.058 
EW1642 01.11.10 18:00 6.820 0.906 0.253 0.049 
EW1643 02.11.10 00:00 6.920 0.950 0.229 0.044 
EW1644 02.11.10 06:00 6.940 0.969 0.215 0.037 
EW1645 02.11.10 12:00 6.610 0.727 0.658 0.199 
EW1646 02.11.10 18:00 6.480 0.375 0.624 0.177 
EW1647 03.11.10 00:00 6.560 0.407 0.438 0.072 
EW1648 03.11.10 06:00 6.600 0.427 0.802 0.317 
EW1649 03.11.10 12:00 6.460 0.264 0.439 0.065 
EW1656 15.01.11 15:30 6.82 0.932 0.203 0.017 
Note. Asterisk indicate missing data.  
Appendix M: Alkalinity before and after filtration 
Table A-20: Alkalinity before and after filtration in mmol/l, and difference between 
them (mmol/l) 
Log 







EW0818 16.04.10 16:00 1.09 1.06 
EW0824 17.04.10 18:00 1.29 1.27 
EW0830 19.04.10 06:00 1.54 1.39 
EW0831 19.04.10 12:00 1.52 1.49 
EW0836 21.04.10 00:00 1.72 1.66 
EW0916 09.05.10 18:00 1.99 1.96 
EW0917 10.05.10 00:00 1.98 1.99 
EW0918 10.05.10 18:00 2.10 2.00 
EW0919 10.05.10 06:00 2.05 2.05 
EW0920 10.05.10 12:00 2.14 2.14 
EW0921 21.05.10 18:00 2.17 2.14 
EW0922 22.05.10 00:00 2.18 2.17 
EW0923 23.05.10 00:00 2.29 2.32 
EW1490 20.09.10 18:00 1.01 0.972 
EW1491 21.09.10 06:00 0.338 0.341 
EW1492 21.09.10 18:00 0.450 0.448 
EW1493 22.09.10 06:00 0.537 0.533 
EW1494 22.09.10 12:00 0.606 0.599 
EW1495 23.09.10 06:00 0.642 0.642 
EW1496 23.09.10 18:00 0.705 0.706 
EW1497 24.09.10 06:00 0.689 0.689 
EW1498 24.09.10 18:00 0.509 0.514 
EW1499 25.09.10 06:00 0.536 0.534 
EW1500 26.09.10 18:00 0.745 0.762 
EW1501 27.09.10 18:00 0.953 0.959 
EW1502 29.09.10 18:00 1.28 1.34 
EW1503 01.10.10 18:00 1.46 1.47 
 





√n STDEV t = (mean difference × √n) 




The critical value is t (26(degrees of fredoom)) = 2.04 (P=0.05) (Miller&Miller 2005). 
The calculated value of t is less then this, which indicates that the null hyphothesis which 
says that the difference comes from random variation, is true. That is, it is not rejected. 
The conclusion is that the  methods give no significantly different results for alkalinity. 
 
Appendix N. Filtration of water samples 
 
N.1 Calculations for determing PMT, PMI and PMO 
The total particulate matter concentrations (PMT) was calculated  according to equation 
A.1 
           (A.1) 
Inorganic Particulate Matter (equation A.2)  is found by weighing the filter before 




            (A.2) 
 
Organic Particulate Matter is calculated by difference between Total and Inorganic 
Particulate Matter according to equation A.3. 
 
              (A.3) 
 
  = Total Particulate Matter (mg/L) 
= Organic Particulate Matter (mg/L) 
= Total Inorganic Matter (mg/L) 
 = mass of clean filter (mg) 
 = mass of filter with mass dried at 105
o
C (mg) 
 = mass of filter with mass burned at 550
o
C (mg) 








N.2 Standard Operating Procedure for filtration of water samples 
 
This SOP is based on the Norwegian Standard NS-EN 872 and Sample Filtration Forms 
can be found in the folder named BLANKE LOGG ARK in the Environmental lab (V 
111). 
Glass microfibre filters of the type Whatman 1825-047, 47 mm should be used. 
 Always include 3 blanks throughout the whole procedure. 
Always use the same balance to weigh the samples (in room V115, weighs to the nearest 
0,1 mg) 
The balance should be switched on and allowed to warm up for 30 minutes. 
Press one of the tare keys to zero the weight display. 
You must adjust or calibrate your balance at the place of installation after each warmup 
period and before the first measurement. When the display shows a zero readout, press 
the CAL key to activate the calibration function.  
 
During each weighing, the Reference Filter should also be weighed. Remember to write 
down the weight of the reference filter on the Sample filtration form. 
 
Cleaning the filters prior to analysis: 
1. Clean the filters by filtering water through them 2-3 times 
2. Dry at 105oC 
3. Heat the furnace to 550oC 
4. Incert aluminum containers containing the filters (In otherwise empty oven to 
avoid contamination) 
5. Remove after 15 minutes 
6. Leave them to cool down (in desiccator) 
The filters should be placed in individual aluminum containers marked with sample name 
and weighed (remember 3 blanks). 
 
Filtration and drying at 105
o
C is conducted according to Norwegian Standard NS-
EN  872: 
 
Remember to shake the sample well before filtering 
1. The samples should attain room temperature before analysis 
2. Transferr the sample to a beaker . Weigh the sample on the balance in the lab 
(Note the exact amount in the sheet). 
3. Run a few ml of water (type II) through the filter. 
4. Run a few ml of sample solution through the filter. 
5. Pour out the liquid. 
6. Now run the rest of the sample through. 
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7. Take out an aliquot (30 ml) of filtered sample solution for NIVA. Take out three 
aliquots (10 ml) for ICP, IC and DOC. Mark them with sample number, F 
(filtered) and what they are to be analyzed for.  
8. Clean the sample equipment between each sample with water (type II)  
9. Dry the filters at 105oC for 1h 
10. Allow it to cool down  (desiccator) 
11. Weigh the sample (g) 
12. Burn the samples at 450OC for 4 hours 
13. Allow the samples to cool down (desiccator) 
14. Weigh (g) 
Appendix O: Major cations and anions cations in the Huggenes stream and the 
Huseby drainage water 
 
Table A-21 : Cations in water samples from the Huggenes stream. 
Date and time H+ Ca2+ Mg2+ Na+ K+ 
18.11.09 12:00 0.323 1370 582 224 134 
20.04.10 12:00 0.0309 1080 457 353 99.2 
05.05.10 12:00 0.0759 1140 446 338 111 
19.05.10 12:00 0.0275 1480 569 497 120 
02.06.10 12:00 0.0316 1710 646 580 121 
 
Table A-22 : Cations in water samples from the Huggenes stream. 






 Tot-F PO43- HCO3- 
18.11.09 12:00 688 610 386 8.85 * 554 
20.04.10 12:00 888 210 498 9.76 1.57 839 
05.05.10 12:00 760 198 430 9.93 0.616 764 
19.05.10 12:00 1040 124 566 12.6 0.913 1010 




Figure A.12: The line shows the relationship between the cations and anions between 
stream  from the Huggenes stream. R
2


























2380,0 579,4 335,6 61,0 0,02 26,8 0,0 
EW1003 21.05.10 
06:00 
2685,2 692,9 288,4 102,4 0,03 3,8 0,0 
EW1004 21.05.10 
18:00 
2379,8 643,9 304,1 79,2 0,02 26,8 0,0 
EW1005 22.05.10 
06:00 
2457,0 665,5 335,4 79,6 0,02 26,8 0,0 
EW1006 22.05.10 
18:00 
2503,5 670,6 341,6 79,6 0,02 26,8 0,0 
EW1007 23.05.10 
06:00 
2289,4 603,4 322,1 71,5 0,02 26,8 0,0 
EW1008 23.05.10 
18:00 
2396,3 626,8 337,2 72,8 0,02 26,8 0,0 
EW1009 24.05.10 
06:00 
2372,7 625,0 335,6 75,7 0,03 26,8 0,0 
EW1010 24.05.10 
18:00 
2370,9 614,7 332,7 72,2 0,04 0,4 0,0 
EW1011 25.05.10 
06:00 
2399,4 627,3 266,8 113,2 0,04 22,6 0,0 
EW1012 25.05.10 
18:00 
2316,6 610,0 300,5 94,1 0,04 21,8 0,0 
EW1013 26.05.10 
06:00 
2372,2 622,7 325,8 83,4 0,04 0,1 0,0 
EW1014 26.05.10 
18:00 
2179,7 576,4 310,4 74,7 0,05 26,8 0,0 
EW1015 27.05.10 
06:00 
2754,1 713,5 393,4 85,9 0,03 17,3 0,0 
EW1016 27.05.10 
18:00 
2829,2 725,2 402,6 84,9 0,04 0,2 0,0 
EW1046 05.06.10 
06:00 
2434,1 706,4 388,3 89,8 0,01 #N/A 0,0 
EW1047 06.06.10 
06:00 
2679,9 698,1 339,0 90,6 0,01 #N/A 0,0 
EW1048 07.06.10 
06:00 
2658,3 656,6 386,1 92,2 0,01 #N/A 0,0 
EW1049 08.06.10 
06:00 
2313,4 699,1 403,3 90,3 0,01 #N/A 0,0 
EW1050 09.06.10 
06:00 
2417,5 698,3 318,6 89,8 0,01 #N/A 0,0 
EW1051 10.06.10 
06:00 
2485,6 685,5 356,9 89,3 0,01 #N/A 0,0 
EW1052 10.06.10 
18:00 
2287,5 698,3 284,2 89,2 0,01 #N/A 0,0 
EW1053 11.06.10 
06:00 
2214,6 659,8 339,4 87,9 0,02 #N/A 0,0 
EW1054 11.06.10 
18:00 
1759,3 538,9 285,7 103,2 0,03 #N/A 0,0 
EW1055 12.06.10 
06:00 
1173,6 347,4 273,8 132,2 0,12 #N/A 0,0 
EW1056 12.06.10 
18:00 
1024,5 313,2 242,4 132,0 0,31 #N/A 0,0 
EW1057 13.06.10 
06:00 
1042,7 317,3 74,1 130,5 0,32 #N/A 0,0 
EW1058 13.06.10 
18:00 
1055,4 350,6 240,9 123,6 0,22 #N/A 0,0 
EW1059 14.06.10 
06:00 
1154,1 364,9 231,6 124,0 0,22 #N/A 0,0 
EW1060 15.06.10 
06:00 
1108,0 366,6 240,8 124,9 0,23 #N/A 0,0 
EW1451 27.08.10 
00:00 
1457,1 398,8 227,7 198,9 0,09 #N/A 0,0 
EW1452 27.08.10 
06:00 
1500,1 406,9 239,1 193,2 0,10 #N/A 0,0 
EW1453 27.08.10 
12:00 
1511,6 413,9 243,4 186,5 0,10 #N/A 0,0 
EW1454 27.08.10 
18:00 
1536,8 421,2 240,5 194,9 0,17 #N/A 0,0 
EW1455 28.08.10 
00:00 
1606,3 424,9 254,3 202,7 0,18 #N/A 0,0 
EW1456 28.08.10 
06:00 
1563,9 421,6 252,9 186,8 0,14 #N/A 0,0 
EW1457 28.08.10 
12:00 
1566,5 422,8 247,1 190,7 0,22 #N/A 0,0 
EW1458 28.08.10 
18:00 
1576,0 424,8 258,8 181,9 0,20 #N/A 0,0 
EW1459 29.08.10 
00:00 
1601,5 432,4 259,2 180,7 0,15 #N/A 0,0 
EW1460 29.08.10 
06:00 
1604,7 435,5 263,1 174,7 0,22 #N/A 0,0 
EW1461 29.08.10 
12:00 
1624,4 442,4 268,0 170,6 0,25 #N/A 0,0 
EW1627 29.10.10 
00:00 
1523,6 442,0 244,0 151,9 0,10 #N/A 0,0 
EW1628 29.10.10 
06:00 
1639,5 477,4 258,3 156,8 0,11 #N/A 0,0 
EW1629 29.10.10 
12:00 
1608,6 477,5 264,8 162,3 0,20 #N/A 0,0 
EW1630 29.10.10 
18:00 
1430,3 420,6 221,6 161,2 0,25 #N/A 0,0 
EW1631 30.10.10 
00:00 
1491,8 437,0 231,9 167,9 0,16 #N/A 0,0 
EW1632 30.10.10 
06:00 
1522,4 449,6 235,4 160,9 0,14 #N/A 0,0 
EW1633 30.10.10 
12:00 
1560,7 460,6 241,4 161,5 0,16 #N/A 0,0 
EW1634 30.10.10 
18:00 
1280,2 373,1 197,6 161,6 0,36 #N/A 0,0 
EW1635 31.10.10 
00:00 
1389,0 399,6 209,6 164,2 0,33 #N/A 0,0 
EW1636 31.10.10 
06:00 
1446,6 419,6 219,3 167,4 0,32 #N/A 0,0 
EW1637 31.10.10 
12:00 





1505,9 442,8 230,8 161,2 0,29 #N/A 0,0 
 
TableA-24: Anions in the Huseby drainage water 
Sample 
no. 











(µeq/l) EW1002 20.05.10 18:00 926,5 21,5 530,0 2348 15,9 0,0 
EW1003 21.05.10 06:00 682,1 1140,2 634,5 1798 13,4 0,5 
EW1004 21.05.10 18:00 674,7 300,5 564,7 2378 14,9 0,0 
EW1005 22.05.10 06:00 725,2 185,2 590,3 2518 16,4 0,1 
EW1006 22.05.10 18:00 752,2 136,9 589,2 2578 17,3 0,1 
EW1007 23.05.10 06:00 725,6 106,5 537,2 2498 15,4 0,3 
EW1008 23.05.10 18:00 778,5 80,1 550,1 2418 16,0 0,1 
EW1009 24.05.10 06:00 821,3 96,7 551,6 2348 16,1 0,1 
EW1010 24.05.10 18:00 833,0 69,4 542,4 2378 15,9 0,0 
EW1011 25.05.10 06:00 703,5 1077,3 568,7 1448 12,5 0,1 
EW1012 25.05.10 18:00 737,8 356,2 544,4 1688 14,9 0,1 
EW1013 26.05.10 06:00 775,6 187,3 564,3 2278 15,9 0,1 
EW1014 26.05.10 18:00 640,3 97,4 446,1 2378 12,7 0,0 
EW1015 27.05.10 06:00 826,0 100,7 556,8 2388 16,0 0,1 
EW1016 27.05.10 18:00 853,9 84,3 558,1 1988 16,4 0,1 
EW1046 05.06.10 06:00 903,4 57,4 574,4 2445 17,6 0,2 
EW1047 06.06.10 06:00 882,5 18,8 580,7 2560 17,8 0,2 
EW1048 07.06.10 06:00 875,8 18,0 587,5 2539 18,7 0,1 
EW1049 08.06.10 06:00 858,2 16,9 573,8 2513 18,4 0,2 
EW1050 09.06.10 06:00 827,7 20,7 519,9 2446 17,7 0,1 
EW1051 10.06.10 06:00 802,5 12,3 494,8 2469 18,1 0,1 
EW1052 10.06.10 18:00 799,6 9,2 491,5 2463 18,7 0,2 
EW1053 11.06.10 06:00 779,5 9,2 481,9 2480 18,8 0,2 
EW1054 11.06.10 18:00 675,1 458,1 338,8 1420 13,5 0,3 
EW1055 12.06.10 06:00 514,1 854,7 234,9 390 6,8 0,3 
EW1056 12.06.10 18:00 513,3 791,7 229,3 293 5,8 0,2 
EW1057 13.06.10 06:00 514,1 749,4 226,8 318 6,0 0,3 
EW1058 13.06.10 18:00 535,4 657,7 254,3 592 7,4 0,3 
EW1059 14.06.10 06:00 533,9 648,8 255,9 607 7,4 0,3 
EW1060 15.06.10 06:00 543,8 654,5 260,6 592 7,9 2234,8 
EW1451 27.08.10 00:00 765,4 523,5 542,1 550 10,6 0,8 
EW1452 27.08.10 06:00 779,0 502,7 525,8 608 10,6 1,0 
EW1453 27.08.10 12:00 783,3 482,4 520,5 682 10,6 0,7 
EW1454 27.08.10 18:00 787,3 496,1 551,4 651 10,8 1,6 
EW1455 28.08.10 00:00 780,1 495,3 541,2 679 10,6 0,9 
EW1456 28.08.10 06:00 784,9 474,8 532,1 729 10,6 0,7 
EW1457 28.08.10 12:00 778,0 485,3 550,2 691 10,8 1,6 
EW1458 28.08.10 18:00 772,7 456,1 548,8 749 11,2 1,1 
EW1459 29.08.10 00:00 777,6 443,6 536,1 781 10,9 0,8 
EW1460 29.08.10 06:00 790,8 438,5 522,8 824 11,0 0,6 
EW1461 29.08.10 12:00 798,9 421,9 519,2 883 10,9 0,7 
EW1627 29.10.10 00:00 654,4 547,1 465,9 816 11,2 3,6 
EW1628 29.10.10 06:00 688,8 563,6 489,7 900 10,0 4,4 
EW1629 29.10.10 12:00 653,5 536,9 470,9 856 10,6 6,9 
EW1630 29.10.10 18:00 622,4 564,1 442,2 675 10,6 8,8 
EW1631 30.10.10 00:00 650,0 598,2 456,4 689 9,9 7,9 
EW1632 30.10.10 06:00 667,2 610,0 465,5 703 9,8 4,7 
EW1633 30.10.10 12:00 666,9 585,0 467,9 780 10,1 5,8 
EW1634 30.10.10 18:00 575,4 577,2 407,5 543 11,0 4,8 
EW1635 31.10.10 00:00 624,3 623,8 436,1 573 9,9 4,3 
EW1636 31.10.10 06:00 637,0 618,2 442,4 618 10,1 4,4 
EW1637 31.10.10 12:00 648,7 610,2 448,9 656 10,2 2,7 
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EW1638 31.10.10 18:00 664,0 609,4 461,1 719 10,0 3,3 
 
Figure A.13: Relationship between cations and anions in the Huggenes drainage water. 
R
2
 = 0.94.  
The relationship is strong with an R
2
-value of 0.94. 
Q. Statistical Analysis 
Q.1 Results for Principal Component Analysis on soil samples 
 






1 2 3 
LoI .996 -.054 -.029 
AlOxalat
e 
.981 -.076 -.126 
POxalate .981 -.016 .174 
AlPAL .976 -.143 -.034 
FePAL .971 -.078 -.084 
Org.P .966 .077 .080 
ALP .938 -.087 .294 
Tot.P .935 .135 .291 
P_W.S .929 -.122 .170 
KPAL .920 .266 -.174 
Inorg.P .756 .215 .579 
CaPAL .749 .472 -.282 
Depth -.573 .232 .391 
MnPAL .180 .935 -.002 
MgPAL -.344 .816 -.297 
NaPAL .380 .666 -.156 
pH -.555 .624 .333 
FeOxalat
e 
.563 -.123 -.687 
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Q.2 Correlation matrix soil data 












Q.3 PCA on water samples  






1 2 3 4 5 
Ca -.931 .293 .212 .130 -.006 
Mg -.926 .283 .189 .100 .079 
K .913 .229 .149 .035 -.394 
Alkalinity -.884 .336 -.173 -.098 .194 
Na -.853 .181 .219 .125 -.038 
Conducivi
ty 
-.827 .345 -.217 -.029 .220 
H_plus .777 -.160 .214 -.012 .029 
UV400nm .740 .431 .288 .015 .244 
SS .721 .556 .190 -.212 .080 
NO3-N .705 -.388 .060 .160 -.095 
Runoff(m
m) 
.688 .186 .472 .471 .052 
PP .625 .314 -.458 .468 .261 
SO42-S -.619 .302 .017 .148 -.187 
RP(raw) .596 .491 .228 -.277 .337 
TP .584 .380 -.552 .398 .154 
Cl -.400 .626 .262 .322 -.407 
RP(F) .263 .469 .012 -.543 .036 
DOM-P .424 .506 -.494 -.245 -.529 
Extraction Method: Principal Component Analysis. 











Appendix R: Equations for calculations 
 
R.1 Electrical Balance (E.B (%)) 
Electrical Balance (E.B (%)) = (Sum cations + Sum anions)/(Sum cations – Sum anions) 
 
R.2 Normalization of total load concentrations for “normal year” 
GP-Norm = GP-actual * Qaverage/Qactual        (8) 
where 
GP-Norm is the flow-normalized P-load  
GP-actual er den estimated P-release 
Qaverage is the average runoff for a certain period 
Qactual is the runoff the particular year 
(from section 4.6.2 bioforsk rapport 2011) 
 
R.3 Flow-weighted mean concentration 
Concentration × Runoff = Transport 
Transport/runoff = flow-weighted mean concentration 






















Figure A.18: SS vs. tot-P in the Huggenes stream 
